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^In  1974,  the  U.S.  Department  of  Transportation's  Climatic  Impact  Assessment 
Program  initiated  a study  of  stratospheric  aerosols  which  consisted  of  a 
cooperative  program  between  the  University  of  Wyoming  and  Leningrad  State 
University  in  the  U.S.S.R.  Since  1975,  the  program  has  been  continued  by 
the  Federal  Aviation  Administration,  High  Altitude  Pollution  Program. 

This  program  resulted  in  cooperative  stratospheric  balloon  flights  from  a 
Soviet  balloon  launch  facility  at  Rylsk,  in  the  U.S.S.R. , during  August  of 
1975,  and  from  the  University  of  Wyoming's  facility  in  Laramie,  during 
August  of  1976. 

In  November  of  1977,  the  principal  investigators  met  in  Leningrad  to  discuss 
the  results  of  the  comparative  measurements.  This  meeting  resulted  in  a 
lengthy  joint  report,  which  serves  as  the  main  body  of  this  interim  report. 
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UNIVERSITY  OF  WYOMING 
LENINGRAD  STATE  UNIVERSITY 
COOPERATIVE  STRATOSPHERIC  AEROSOL 
RESEARCH  PROGRAM 


INTRODUCTION 

In  1974,  the  Department  of  Transportation's  Climatic  Impact  Assess- 
ment Program  initiated  a study  of  stratospheric  aerosol  which  consisted 
of  a cooperative  program  between  the  University  of  Wyoming  and  Leningrad 
State  University  in  the  U.S.S.R. 

This  program  resulted  in  cooperative  stratospheric  balloon  flights 
from  a Soviet  balloon  launch  facility  at  Rylsk,  in  the  U.S.S.R.,  during 
August  of  197S,  and  from  t he  University  of  Wyoming's  facility,  in  Laramie, 
during  August  of  197b. 

In  November  of  1977,  the  principal  investigators  went  to  Leningrad, 
to  discuss  the  results  of  the  comparative  measurements.  This  meeting 
resulted  in  a lengthy  joint  report,  which  serves  as  the  main  body  of  this 
final  report. 
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PROTOCOL 

of  the  meeting  of  the  LISA/USSR  experts 
on  the  results  of  the 
stratospheric  aerosol  studies 

e 20-26  November,  1977,  Leningrad 

Voeikov  Main  Geophys  ica)  Observatory 

lor  implementation  of  the  USA/USSR  bilateral  agreement  on  cooperation 
in  the  Protection  of  the  environment,  several  joint  working  groups  have 
been  set  up  consisting  of  scientists  from  both  countries.  The  task  of 
Working  Croup  VIII  was  to  investigate  various  aspects  of  the  influence  of 
environmental  change  on  climate. 

In  accordance  with  the  agreement  on  the  joint  studies  program  reached 
at  the  first  meeting  of  WGVlll  ("The  Influence  of  environmental  Change  on 
Climate"),  in  Leningrad,  June  10-21,  1974,  combined  studies  of  atmospheric 
aerosol  (mainly  stratospheric  aerosol)  and  its  effect  on  radiation  transfer 
were  carried  out  in  the  Rylsk  area  from  July  27  to  August  11,  1975,  at  the 
CAO  balloon  base. 

The  experiment  was  carried  out  within  the  framework  of  Project  11, 
on  the  "Joint  Study  of  Air  Pollution  Impact  on  Climate." 

The  Main  Geophysical  Observatory,  the  Central  Aerological  Observatory 
and  the  University  of  Leningrad  (on  the  Soviet  side)  and  the  University 
of  Wyoming  (on  the  American  side)  participated  in  the  experiment.  The 
experiment  involved  balloon,  aircraft  and  surface  measurements. 

4 Three  balloon  launches  of  the  Soviet  and  American  instruments  were 

made  on  August  i,  5 and  5.  The  USSR  balloon-borne  equipment  consisted  of 
- a)  impactor  for  continuous  sampling  with  .1  moving  plate,  h)  filter  trap. 

The  US  equipment  consisted  of  a photoelectric  counter  for  particles  in 
range  of  radius  > 0.15  pm  and  r > 0.25  pm  1 dust  sonde). 


The  Soviet  scientists  launched  aerological  and  act i nometric  radio- 
sondes to  obtain  data  on  the  vertical  protile  of  meteorological  parameters 
and  data  concerning  longwave  radiation  fluxes. 


At  the  same  time,  aerosol- rad iat ion  measurements  in  the  troposphere 
were  made  from  on  hoard  the  MGO  II.- 18  flying  laboratory  equipped  with  the 
following  instruments: 

a)  impact or  for  continuous  sampling  and  filter  traps, 
hi  spectrometers  for  spectral  measurements  of  hemispherical  radiation 
fluxes  in  the  0.4  1 ;im  wavelength  range; 

e)  instruments  for  integrated  measurements  of  hemispherical  radiation 
fluxes  in  the  ranges  of  0.3-3  pm  and  3-30  pm; 

d)  instruments  for  measuring  meteorological  parameters. 

A set  of  surface  observations  was  carried  out  which  involved  measure- 
ments of  atmospheric  spectral  transparency  and  solar  radiation  observations. 
The  experiment  in  Rylsk  was  successful.  (See  Appendix  41 

At  the  second  meeting  of  Working  Group  VIII,  held  in  Princeton,  New 
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Jersey,  October  20-31,  197t>,  it  was  agreed  to  continue  the  cooperative 
p rogram. 

The  Soviet -American  meeting  on  discussion  and  assessment  of  the  results 
of  the  1975  joint  hal loon- launched  measurements  of  atmospheric  aerosol  was 
held  in  the  Main  Geophysical  Observatory  on  May  18-25,  1976.  Special  atten- 
tion was  paid  to  the  analysis  of  the  following  data: 

al  vertical  profile  of  atmospheric  aerosol  (number  density,  sice 
distribution,  chemical  composition!; 

hi  spectral  shortwave  radiation  flux  divergences; 

cl  optical  properties  of  atmospheric  thickness,  and  the  surface  at- 
mospheric layer,  in  particular. 

The  problems  of  the  dynamics  of  origin  and  development  of  atmospheric 
processes  and  other  phenomena  affecting  the  radiative  regime  in  the  atmos- 
phere were  also  discussed. 

The  results  obtained  in  Rylsk  have  made  it  possible  to  specify  the 
program  of  the  second  joint  experiment  (in  the  region  of  Laramie,  Wyoming, 
USA1  in  August  of  1976, which  involved  Soviet  and  American  balloon-borne 
" aerosol  measurements. 

Three  launches  of  the  Soviet  and  American  instruments  were  made  on 
July  31,  August  4 and  August  6,  1976.  The  Soviet  instrumentation  developed 
at  the  University  of  Leningrad  and  the  Main  Geophysical  observatory  consisted 
of : 
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a)  nnpactor  for  continuous  sampling  with  a moving  plate; 

b)  filter  which  sampled  the  aerosol  within  three  height -intervals 


in  the  atmosphere. 

The  American  equipment  consisted  of: 

a)  a two-channel  photoelectric  counter  of  particles  in  range  of 
radius  J>  0.15  pm  and  r :>  0.25  pm; 

b)  condensation-nuclei  counter  (radius  > 0.01  pm); 

c)  ozonesonde. 

Additionally,  five  nocturnal  launches  of  the  Soviet  actinometric 
radiosondes  were  made  to  measure  downward  and  upward  radiation  fluxes  in 
the  4-40  pm  range  of  wavelength.  They  were  made  before  balloon-borne 
aerosol  sampling. 

In  addition  to  this  program,  scientists  of  NOAA  carried  out  two 
launches  for  air-sampling  in  the  stratosphere.  The  samples  obtained  were 
then  analyzed  in  the  NOAA  Laboratory  in  Boulder,  Colorado,  for  content  of 
NO.,;  CFC1  . (Freon  11);  and  CF^Cl , (Freon  12). 

According  to  the  agreement  reached  at  the  Third  Meeting  of  Working 
Group  VIII,  held  in  Leningrad,  October  4-14,  1977,  a meeting  was  held  in  the 
Main  Geophysical  Observatory  on  November  20-26,  1977.  (For  a list  of 
participants  see  Appendix  1 ).  The  following  problems  were  discussed. 

a)  the  vertical  profiles  of  atmospheric  aerosol,  condensation 
nuclei  and  ozone; 

b)  results  of  actinometric  and  upper  air  soundings  of  the  atmosphere; 

c)  the  effect  of  meteorological  conditions,  aerosol  and  ozone  on  the 
longwave  radiation  transfer  in  the  atmosphere; 

d)  possible  reasons  for  differences  in  the  aerosol  vertical  profiles 
from  the  data  of  the  impactor  and  dustsonde;  (see  Appendix  2 ); 

e)  stratospheric  aerosol  nature. 

The  data  obtained  have  enlarged  the  data  set  on  aerosol  distribution 
over  the  territories  of  the  USSR  and  USA,  and  are  of  considerable  interest 
for  the  study  of  origin  and  development  of  the  stratospheric  aerosol  layer 
at  the  15-22  km  level,  for  calculation  of  the  heat  field  in  the  atmosphere 
and  comparison  with  the  data  of  actinometric  sounding. 
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The  similarity  of  radiative  properties  of  the  aerosol  layer  and  clouds 
should  be  noted,  as  well  as  the  fact  that  the  change  of  the  sign  of  the 
rate  of  radiative  change  of  temperature  may  be  an  indirect  indication  of 
aerosol  in  actinomctric  samples.  (See  Appendix  3). 

Manuscripts,  concerning  the  preliminary  results  of  the  cooperative 
program,  were  published  in  Gydrometeoizdat  ("Influence  of  Aerosols  on  t he 
Radiation  Properties  of  the  Atmosphere:  Results  of  the  Soviet -American 
Experiment"),  the  Bulletin  of  the  World  Meteorological  Organization 
("USSR-USA  Cooperative  Research  Program"),  and  in  the  Bulletin  of  the  Am 
erican  Meteorological  Society,  ("Cooperative  U.S. -ll.S.S.R.  Balloon  Plights"), 
the  latter  including  a cover  picture  of  a balloon  launch  at  Rylsk.  In 
addition,  a joint  manuscript,  on  the  aerosol  comparison  at  Laramie,  pre- 
sented here  as  Appendix  2,  was  submitted  for  publication  to  the  Bulletin 
of  the  WMO,  and  a joint  article  concerning  the  Rylsk  experiment,  presented 

here  as  Appendix  4.  will  be  submitted  to  the  Soviet  journal.  Meteorology 
i 

and  Hydrology.  Appendix  3,  on  the  actinometric  results,  will  appear  as 
an  article  in  "Reports  of  the  Main  Geophysical  Observatory." 

The  results  of  the  accomplished  experiments  testify  to  the  fruitful- 
ness of  the  Soviet-American  cooperation  within  the  program  of  the  Aerosol- 
Radiation  Experiment.  The  results  obtained,  however,  should  be  considered 
only  as  the  first  step  in  the  cooperation,  since  they  are  promising  for 
future  profound  and  comprehensive  studies  of  mutual  interest  using  comple- 
mentary means  of  investigation, 
h 

The  continuation  of  this  cooperation  of  aerosol  study  is  highly 
desirable  for  a number  of  reasons,  some  of  them  indicated  earlier. 

The  joint  group  of  experts  wish  to  indicate,  having  in  mind  that  the 
realization  of  the  proposed  cooperative  effort  will  depend  on  the  avail- 
ability of  U.S.  funds  in  the  case  of  dustsonde  flights,  to  the  co-chairmen 
of  Working  Group  VI 11,  that  a unique  opportunity  for  extensive  study  of 
stratospheric  aerosol  will  exist  in  late  1978,  when  the  satellite  Nimbus  G 
will  be  launched.  Aerosol  measurements  by  solar  extinction  techniques 
will  be  conducted  from  the  satellite  by  the  NASA  l.angley  Research  Center. 

The  satellite  orbit  will  be  such  that  only  a small  band  of  American  terri- 
tory will  be  observed. 
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Extensive  territory  in  the  Soviet  Union  suggests  the  opportunity  of 
comparative  studies  at  or  near  the  geographical  satellite  occultation 
points  within  the  Soviet  Union.  Such  measurements,  using  well  established 
techniques,  would  be  valuable  as  "ground  truth"  for  the  remote  sensing 
aerosol  measurement  technique. 

It  will  be  easier  for  the  American  side  to  participate  in  such  an 
effort,  with  dustsondes  that  could  be  loaned  to  the  Soviet  side  during  the 
experiment,  if  a group  of  Soviet  scientists  traveled  to  the  U.S.A.  and 
learned  how  to  operate  such  equipment.  The  University  of  Wyoming  is  willing 
to  cooperate  in  this  effort. 

If  the  co-chairmen  of  Working  Group  V 1 1 l find  our  suggestions  of  value 
we  hope  they  would  recommend  to  the  Joint  American  Soviet  Committee  oi 
Environmental  Protection  that  they  include  this  in  the  Memoranda  for  IP'S 

This  joint  effort  can  be  viewed  as  a cooperaiion  within  the  bode 
of  the  Global  Atmospheric  Aerosol  Radiation  Experiment  (GAAREX) , and  as 
such,  should  be  the  first  step  to  realisation  of  the  proposed  program. 

The  composite  studies  of  atmospheric  aerosol  enabled  one  to  obta.n 
more  extensive  information  about  the  tropospheric  and  stratospheric  aerosol. 
Simultaneous  use  of  dustsondes,  impactors  and  air  filters,  to  study  the 
particle  microstructure  and  chemical  composition,  promoted  the  fulfillment 
of  this  task.  Of  great  importance  were  the  simultaneous  measurements  of 
aerosol  parameters  and  of  various  qualitative  characteristics  of  the  radi- 
ation field  of  the  atmosphere  using  surface  and  airborne  instruments.  The 
comparison  of  the  observed  and  theoretical  vertical  profiles  of  shortwave 
radiation  divergences  was  a significant  part  of  the  program. 

The  results  obtained  enabled  one  to  draw  the  conclusion  that  the 
atmospheric  aerosol  has  a complicated  nature  and  its  properties  are  widely 
at  variance.  This  emphasises  the  convent ion;i  1 i t \ of  "average"  aerosol 
models  and  the  necessity  of  further  studies  of  both  the  aerosol  as  a whole 
and  its  fractions.  While  the  dominating  scattering  fractions  of  aerosol 
(sulfates,  SiO,,  etc.)  are  well  known,  quite  different  is  the  case  of  the 
absorbing  fractions  which  are  small  in  mass.  In  this  connection,  the  dif- 
ferentiated measurements  of  microstructure  and  optical  properties  of  dif- 
ferent aerosol  fractions  is  of  great  importance. 


l'he  presence  ot'  aerosol  of  different  origin  in  the  atmosphere 
(mineral  particles  of  soil;  sulfate  particles  formed  from  sulfurous  gas; 
organic  and  anthropogenic  components,  etc.)  poses  the  urgent  problem  of 
studying  aerosol  sources  and  sinks.  This  complicated  problem  can  he 
solved  only  upon  the  accomplishment  of  composite  observation  programs 
which  involve  remote  sensing  at  the  surface  and  from  space,  as  well  as 
direct  measurements  of  aerosol  and  some  gaseous  components  of  the  atmosphere 
near  the  surface  and  in  the  free  atmosphere. 

The  observation  program  should  be  combined  with  theoretical  modeling 
of  aerosol  sources  and  sinks  and  the  processes  of  global  particle  diffusion 
in  the  troposphere  and  stratosphere.  l'he  program  of  the  GAARIX  is  an 
example  of  the  complex  approach  to  the  solution  of  the  problem  of  atmos- 
pheric aerosol  and  to  the  evaluation  of  its  impact  on  climate. 
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COMPARISON  OF  RESULTS  OBTAINED  DURING  Til!  USSR -USA 
COOPF.RAT IVIi  AEROSOL  MEASUREMENT  PROCRAM  IN  LARAMIE 

In  the  summer  of  1975,  a cooperative  field  experiment  was  conducted 
in  Rylsk,  USSR,  for  the  purpose  of  comparing  the  vertical  profile  of  aero- 
sol as  determined  by  two  different  techniques:  the  impactor  method  (USSR) 
and  an  optical  counter  method  (USA) . The  experiment  was  repeated  in  the 
summer  of  1976,  at  Laramie,  Wyoming.  The  USSR  field  party  included  A. 

Laktionov,  of  the  Institute  of  Applied  Geophysics  (Moscow),  and  V.  Ivanov, 

V.  Binenko,  B.  Vdovin  and  V.  Korzov,  of  the  Main  Geophysical  Observatory 
(Leningrad).  The  USA  group  consisted  of  D.  Hofmann,  J.  Rosen,  N.  Kjome, 

G.  Olson,  and  D.  Martel  1 of  the  University  of  Wyoming.  In  all,  a total  of 
three  successful  balloon  sounding  comparisons  were  made.  In  this  Appendix, 
we  will  describe  typical  results  from  one  of  the  Laramie  soundings. 

Composite  profiles  for  comparison  of  similar  data  obtained  by  the 
two  techniques  are  shown  in  Figures  1 and  2.  In  these  figures,  the 
impactor  results  are  shown  by  the  heavier  curve  and  the  optical  counter 
results  are  shown  by  the  lighter  curve.  Figure  1 refers  to  the  concen- 
tration of  particles  with  radii  >_0.2  pm  for  the  impactor  and  0.15  pm 
for  the  optical  counter  (the  smallest  size  range  observed  by  the  two  tech- 
niques), while  Figure  2 refers  to  the  concentration  of  particles  with 
radii  0.25  pm  in  both  cases. 

It  is  clear  that  there  is  good  general  agreement  between  the  two  * 

methods  for  smaller  particles  (Figure  1)  in  the  troposphere.  No  com- 
parison below  500  mb  has  been  attempted.  At  an  altitude  of  about  130  mb 
in  Figure  1,  there  is  a significant  discrepancy  between  the  two  techni- 
ques. In  this  region,  the  optical  counter  experienced  sporadic  hi.gh 
concentrations  of  aerosol,  which  was  attributed  to  aerosol  expiration  of  the 
combined  equipment,  and  therefore,  was  not  included  in  the  analysis  of 
the  optical  counter  but  is  present  in  the  impactor  data.  Thus,  the  dis- 
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crepancy  could  bo  explained  in  terms  of  local  aerosol  pollution  from  the 
inst  rumen t pat  kage. 

In  the  stratosphere,  above  IS  km,  the  profile:  obtained  by  the  two 
methods  in  the  case  of  smaller  particles  (Figure  II  are  quite  similar, 
but  the  absolute  concentration  as  measured  by  t t.e  impactor  is  about  a factor 
of  3 smaller  than  that  measured  by  the  optical  particle  counter.  It  is 
tempting  to  attribute  the  basis  for  this  disagreement  , and  lot  the  impactor 
inconsistency  indicated  earlier,  to  the  known  volatile  nature  of  the  strat 
ospheric  aerosol.  However,  this  explanation  does  not  seem  consistent  with 
the  results  that  will  be  discussed  later,  l’art  of  the  discrepancy  can  cer- 
tainly be  accounted  foi  in  the  different  size  of  particle?  corresponding  to 
the  profile  in  Figure  1.  The  optical  particle  counter  can  more  easily 
detect  the  more  numerous  smaller  particles.  This  is  not  surprising,  since 
the  0.2  pm  radius  particles  seen  in  the  impactor  sample  are  at  the  very 
limit  of  detection  with  the  optical  microscopes  employed  in  analysing  the 
impactor  samples. 

The  comparison  of  profiles  of  larger  si.e  part  icles  (t  • 0.25  pm),  as 
shown  in  figure  2,  is  not  as  good  as  for  the  smaller  particles.  Here  the 
impactor  results  in  the  troposphere  show  a higher  concentration  ol  aerosol 
than  the  optical  particle  counter.  The  difference,  however,  is  not  very 
significant.  When  working  with  particles  large  enough  for  good  resolution 
under  the  optical  microscope,  a conglomerate  is  sometimes  counted  is  mul- 
tiple particles  in  the  impactor  method  and  as  one  particle  by  the  optical 
counter.  I'hus , the  impactor  method  could  give  somewhat  larger  apparent 
concentrations.  In  the  stratosphere,  where  the  particles  are  mostly  liquid, 
this  effect  would  probably  be  insignificant. 

fhese  results  have  led  us  to  the  tentative  conclusion  that  when  the 
particles  of  interest  are  large  enough  to  be  easily  resolved  nuclei  the  op 
tical  microscope,  the  agreement  between  the  two  methods  is  reasonably  good. 
For  particle  sires  bordering  on  the  resolution  of  the  optical  microscope, 
the  absolute  agreement  between  the  two  methods  may  not  be  as  good.  In 
Figure  1.  for  instance,  the  more  opaque  part  icles  of  the  troposphere  were 
apparently  seen  in  the  microscope  well  enough  to  be  counted,  while  the 


t'airly  transparent  stratospheric  particles  were  difficult  to  see  and  could 
not  be  counted  with  high  accuracy. 

To  the  know  1 edge  of  the  investigators  in  this  cooperative  program, 
this  was  the  first  comparison  of  particle  counting  techniques  and  optical 
microscope  techniques.  The  latter,  in  contrast  to  electron  microscope 
analysis,  has  some  advantages  in  that  if  the  particles  are  volatile,  their 
nature  will  not  he  altered  by  analysis.  However,  the  lower  size  limit  for 
optical  microscopes  is  somewhat  of  a disadvantage,  as  is  the  inability  to 
see  liquid  particles  easily.  In  general,  however,  it  is  a joint  feeling 
that  the  comparison  was  a useful  undertaking,  with  results  which  will  be  of 
value  in  directing  future  cooperative  work.  It  is  also  our  feeling  that 
the  spirit  of  cooperation  necessary  in  such  a program  and  displayed  by  the 
participants  throughout  the  two  years  of  this  cooperative  effort,  should 
set  an  example  for  such  future  efforts. 


Fig.  1 A comparison  of  the  impuctor  results  (r  >_  0.20  vim;  thick 
line)  with  the  photoelectric  particle  counter  results 
(r  0.15  um  and  thin  line)  for  4 Aug.,  197(>. 

Fig.  2 A comparison  of  the  impactor  results  (r  > 0.25  vim;  thick 
line)  with  the  photoelectric  particle  counter  results 
(r  > 0.25  um  and  thin  line)  for  4 Aug.,  1976. 
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AH’I  Nil  IX  A 


l.ONCWAVi;  RADIATION  TRANS1T.R  IN  Till' 

ATMOS  PHliRF.  AS  Al  l I CTFl)  BY  ALROSOl. 

The  second  phase  of  the  Sov iet -American  aerosol  radiation  experiment 
in  the  region  of  Laramie,  Wyoming,  USA,  comprised  the  accomplishment  of 
nocturnal  actinometric  measurements  of  longwave  radiation  fluxes  before  each 
aerosol  sounding  of  the  atmosphere.  The  measurements  were  taken  two  hours 
after  sunset  and  two  hours  before  sunrise,  to  eliminate  shortwave  radiation 
effect  on  measurements. 

Preliminary  work  consisted  of  1)  joining  the  actinometric  radiosonde 
ARS- 1 to  the  American  meteorological  radiosonde;  2)  establishing  the  order 
of  priority  for  reading  out  the  observed  radiative  and  meteorological  param- 
eters of  the  atmosphere,  and  3)  laboratory  calibrating  and  checking  of  the 
radiosonde. 

From  the  works  of  Zaitseva,  et  al,  (1974),  the  rms  error  in  the 
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longwave  r liation  flux  measurements  is  0.005  cal/cm^min  for  real  flight 
conditions,  while  in  determination  of  the  rate  of  radiative  change  of  air 
temperature,  it  is  0.007°C/h r for  Ap  = 100  mb. 

The  purpose  of  actinometric  sounding  was  1)  to  obtain  vertical  pro- 
files of  the  longwave  radiation  fluxes  and  serological  parameters,  and  to 
study  their  temporal  variations  during  the  experiment;  2)  to  consider 
possible  effects  of  aerosol  and  active  gaseous  components  on  the  rate  of 
radiative  change  of  temperature,  using  the  data  of  t lie  accompanying  measure- 
ments of  aerosol,  condensation  nuclei  and  ozone;  and  3)  to  compare  the  data 
obtained  for  different  geographical  zones. 

The  determination  of  the  effect  of  different  factors  on  the  rate  of 
radiative  change  of  temperature  would  be  much  easier  in  the  case  of  spectral 
measurements,  while  during  the  actinometric  (integral)  sounding,  of  special 
importance  are  the  results  of  the  accompanying  measurements  of  temperature 
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stratification,  in  particular,  and  the  data  on  the  content  of  water  vapor, 
aerosol,  02one  and  other  active  gaseous  components  of  the  atmosphere , such 
as  C0?,  etc. 

These  data  and  the  results  of  numerical  modeling,  as  applied  to  ex- 
perimental conditions,  enable  one  to  quantitatively  evaluate  the  effect  of 
aerosol  and  other  factors  on  the  longwave  radiation  transfer  in  the  atmos- 
phere. Table  1 of  the  USSR  Report  (Appendix  5)  lists  the  information  about 
the  launches  of  act  mometric  radiosondes.  The  launches  were  carried  out  in 
clear  skies  (clouds  not  exceeding  2-3  p.)  and  low  wind.  The  geographical 
coordinates  for  the  balloon  measurement  area  were  41°2'N,  105°W,  and  the 
altitude  was  2000  m above  sea  level. 

The  cyclonic  activity  during  the  aerosol -radiat ion  experiment  lowered 
the  altitude  of  the  tropopause.  On  August  31,  1976,  it  was  at  the  level  of 
120-130  mb,  then  the  tropopause  became  stratified  and  lowered  down  to  160- 
180  mb  (Tables  2 through  6 of  Appendix  5).  1'his  fact  is  of  special  interest, 
since  the  altitude  of  the  tropopause  significantly  affects  the  vertical 
profile  of  aerosol  concentration  in  the  lower  atmosphere  and  upper  troposphere. 

The  aerosol  layers  m this  part  of  the  atmosphere  are  partially  due 
to  exchange  processes  at  the  tropopause  and  volcanic  activity  (Pinnick, 
et  al , 1976).  Here,  a change  in  the  aerosol  and  ozone  profiles  and  a re- 
duction of  the  air  temperature  lapse  rate  are  observed.  All  this  affects 
the  longwave  radiation  transfer  in  the  atmosphere  and  the  vertical  strati- 
fication of  the  aerosol  number  density  (Kondratyev  K.  Ya. , 1956;  1976). 

As  seen  from  Figure  1 (a.b.c)  and  Tables  2 through  6 of  Appendix  5, 
the  increase  of  the  effective  thermal  emission,  F,  with  height  is  mainly 
observed  and,  consequently,  radiative  cooling  takes  place.  According  to 
the  data  of  the  American  aerosol  sonde,  the  aerosol  layers  and  radiative 
heating  were  observed  in  the  region  of  inversion  and  sub- inversion  layers 
and  in  the  tropopause.  For  example.  Figure  1 (a,e)  shows  the  aerosol  layer 
at  the  level  of  460-520  mb,  the  concentration  of  particles,  the  size  of 
which  exceeds  0.3  um,  being  3 cm  \ Here,  at  the  base  of  the  temperature 
inversion,  radiative  heating  up  to  0.43°C/hr  is  observed  with  the  following 
strong  radiative  cooling  down  to  1.13°C/hr. 


17 


In  the  lower  stratosphere,  at  the  level  c>t  7 0 - S 0 mh,  the  aerosol 
particle  concentration  reached  l.S  cm  ' , hut  a sharp  increase  of  the 
thermodynamic  temperature  in  this  region  and  the  additional  effect  ol  ozone 
absorption  have  led  to  radiative  heat  in;  up  to  O.J'V  hr  in  the  lower  part 
of  the  aerosol  layer  and  to  radiative  cooling  down  to  i)  Oe'V/hr  in  its 
upper  part . 

The  same  vertical  profile  of  the  rate  of  radiative  change  of  temper- 
ature and  aerosol  number  density  can  be  seen  in  figure  1 (b.c).  The  aerosol 
and  radiation  measurements  showed  that  the  highest  content  of  dust  in  the 
atmosphere  was  observed  on  Jul>  el,  and  August  I,  19"t>  las  compared  to 
August  t),  lt»7o)  . and  on  August  a,  1 1>  ^ (one  ot  t lie  launehc  aftei  sunset). 

The  difference  in  the  virtual  profiles  of  radiation  parameters  before 
dawn  and  after  sunset  is  apparently  associated  with  t rans format  ion  ot 
meteorological  conditions.  But  it  is  difficult  to  interpret  with  onlv  five 
launches  as  a basis  (figure  J (a,b)). 

We  may  draw  a conclusion  from  the  available  data  that  the  aerosol 
layer  can  be  compared  to  the  radiative  model  ot  a cloud  winch  lias  active 
radiative  boundary  layers.  In  the  middle  of  the  laser,  the  radiative  change 
of  temperature  is  close  to  zero,  i e. , thermodynamic  equilibrium  takes  place, 
while  the  upper  boundary  corresponds  to  a heat  sink  and  the  lower  boundary 
to  a beat  source. 

Comparison  of  the  vertical  profiles  ot  aerosol  obtained  from  t tie 
photoelectric  measurement  data  and  radiative  properties  of  the  atmosphere 
for  the  corresponding  periods,  shows  that  the  aerosol  layers  change  the 
sign  of  the  rate  of  radiative  change  of  temperature  Die  latter  fact  may 
be  an  indirect  indication  of  aerosol  in  act inomet ric  wimples 

An  attempt  has  been  made  on  the  basis  of  available  data  to  plot  t lie 
rate  of  radiative  change  of  temperature  versus  aerosol  concentration  (with 
particle's  diameter  exceeding  O.A  ;im > it  the  corresponding  altitudes  in  the 
layer  above  300  mb  (in  order  to  eliminate  the  effect  ot  water  vapor,  the 
main  fraction  of  which  is  in  the  troposphere)  It  is  seen  from  figure  3 
that  correlation  between  these  parameters  is  rather  weak,  which  can  be 
explained  by  1)  difficulties  in  determination  of  the  altitudes  of  act inomet ric 


and  aerosol  sondes  launched  at  different  times;  2)  different  nature  of  the 
aerosol  optical  activity  in  different  regions  of  the  longwave  radiation 
spectrum;  and  3)  the  effect  of  meteorological  factors,  such  as  variability 
of  the  vertical  profile  of  humidity  and  gaseous  components  in  the  atmosphere. 
Probably,  this  correlation  is  more  stable  in  the  atmospheric  window. 
p Comparison  of  the  results  of  actinometric  sounding  carried  out  in  Rylsk 

and  Laramie  has  shown  their  similarity,  but  in  the  case  of  Laramie  measure- 
ments, the  above  mentioned  peculiarities  in  the  longwave  radiation  transfer 
manifest  themselves  most  clearly.  In  the  layer  of  temperature  inversion,  in 
the  region  of  the  tropopause,  the  aerosol  layer  approximates  a cloud  as  to 
its  absorbing  and  emitting  properties,  but  in  some  cases  of  optically  active 
aerosol  it  may  be  equivalent  to  a blackbody. 

The  thin  layers  with  alternating  heating  and  cooling  have  already 
been  detected  in  the  cloud-free  atmosphere  from  the  data  of  previous  acti- 
nometric soundings. 

The  results  of  this  experiment  enable  one  to  suppose  that  the  radiative 
properties  of  the  atmosphere  are  determined  by  thin  layers  with  increased 
concentration  of  optically  active  aerosol. 

Thus,  the  results  obtained  from  the  Sovi et -American  experiment  make 
it  possible  to  speak  about  good  qualitative  fitting  of  the  data  on  aerosol 
concentration  in  the  atmosphere  and  atmospheric  radiative  properties.  It 
is  rather  advisable  that  a joint  detailed  analysis  of  these  data  he  performed 
in  order  to  quantitatively  evaluate  the  discovered  effects. 
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Fig.  1 


Fig.  2 


Fig.  3. 


Vertical  profiles  of  radiative  change  of  temperature  ( ), 

aerosol  concentration  and  aerosol  mixing  ratio  (.  — ). 

a - W-  12t>,  127;  b - W-129,130;  c - W- 132,133. 

Vertical  profiles  of  temperature,  (....  - W-128,131; 

W- 129 ,132),  and  the  rate  of  radiative  change  of 

temperature,  (. K-128,131;  — W-129,132). 

a - W- 1 28 , 129;  b - W-131,132. 

Rate  of  radiative  heating  of  the  atmosphere  vs.  aerosol 
number  density. 
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APPENDIX  4 


SOVIET- AMERICAN  AEROSOL-RADIATION 
EXPERIMENT  IN  RYLSK 

FORWARD 

In  spite  of  a vast  amount  of  experimental  data  available  on  the 
vertical  structure  of  atmospheric  aerosol  (Kondratyev,  1974;  Ivlev,  1972; 
Zuev,  1973  and  Rosen,  1969),  as  well  as  data  concerning  radiation  parameters 
of  the  whole  atmosphere  and  individual  layers  (Vasilyev,  1973  and  Zaitseva, 
1971),  there  is  no  close  correlation  between  data  on  aerosol  structure  ob- 
tained by  different  techniques  and  radiation  parameters  of  the  atmosphere. 
Optical  aerosol  models,  in  particular,  generally  lack  an  adequate  experi- 
mental background  on  aerosol  microstructure.  Therefore,  a set  of  aerosol 
and  radiation  measurements  is  particularly  desirable.  These  measurements 
involve  data  collection  on  aerosol  structure  and  atmospheric  radiation 
parameters  for  a specific  location  and  season,  and  they  are,  in  themselves, 
useful  and  relevant. 

A wide  range  of  optical  measurements  and  those  of  aerosol  microstruc- 
ture using  ground,  airborne  and  balloon-borne  equipment  was  conducted  in 
Rylsk,  USSR,  in  August  of  1975,  which  provided  data  to  solve  the  above 
proh lem. 

WEATHER  CONDITIONS  DURING  THE  EXPERIMENT 

Rylsk  is  situated  in  an  area  of  weak  cyclonic  activity.  Atlantic 
cyclones  over  Europe  are  subject  to  significant  changes  and  occlusion.  As 
a result  of  these  phenomena,  a low  gradient  pressure  field  is  generally 
observed  in  these  areas  during  the  months  of  duly  and  August. 

The  synoptic  situation  was  characterized  by  cold  air  flows  from  the 
polar  regions  of  Barents  and  White  Seas  and  warm  tropical  air  flows  from 
Asia  Minor.  An  old  cyclone,  originated  at  the  interface  of  the  above 
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flows,  reached  the  Rylsk  area  hy  August  I.  A cyclonic  vortex  was  traced 
throughout  the  troposphere.  On  August  •!  and  5,  a change  in  the  natural 
synoptic  period  occurred.  On  August  5,  weather  conditions  were  modified  hy 
an  intermediate  pressure  ridge  and  a re-establishment  of  upper  northeast 
winds.  An  intensification  of  downward  vertical  fluxes  occurred.  Changeable 
weather  and  extended  cumulus  cloudiness  was  due  to  further  development  of 
the  synoptic  situation.  Some  difficulties  concerning  ground  measurements 
and  radiation  data  interpretation,  as  well  as  measurements  in  the  free  at- 
mosphere, were  caused  hy  unfavorable  weather  conditions. 

UROUNO  Ml  ASIIKI  MP.NTS 

A set  of  ground  aerosol  meteorological  and  radiation  measurements 
gives  a general  outline  of  the  atmospheric  situation  during  the  experiment 
and  enables  one  to  compare  capabilities  of  various  approaches  to  the  studies 
of  optical  and  aerosol  characteristics  of  the  atmosphere. 

1 nst  rumen t at i on 

Ground  studies  involved  routine  measurements  of  radiation  balance  and 
its  components;  direct,  scattered  and  global  radiation.  These  measurements 
were  carried  out  with  two  albedometers , balance  meters  designed  by  Vanish 
evskv  i 1909).  and  integral  and  ground  longwave  net  radiometers  designed  by 
Shlyakhov  (1909).  In  addition,  spectral  measurements  of  downward  radiation 
m the  atmospheric  "window"  of  8-12  pm  were  taken. 

\ set  of  measurements  of  optical  characteristics  was  conducted.  They 
included  integral  and  spectral  transparency  of  the  atmosphere;  water  vapor 
content  in  the  atmospheric  column,  atmospheric  horizontal  transparency 
(meteorological  visibility  range),  and  degree  of  polarization.  Measurements 
of  solar  radiation  scattering  at  small  angles  were  also  made. 

The  atmospheric  integral  transparency,  reduced  to  in-2,  was  calculated 
from  direct  radiation  data  obtained  with  an  AT -SO  act inometer. 

To  measure  the  spectral  aerosol  optical  thickness  of  the  atmosphere 
over  the  spectral  range  of  0.35-1  urn,  a modified  Teisner  act inometer  was 
used  with  eleven  interference  filters  cutting  off  narrow  spectral  bands 
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(AA  = 0.07  - 0.10  vim),  and  was  practically  free  of  selective  absorption 

of  radiation  by  gasses  and  water  vapor.  The  filter  with  A = 0.042, 

‘ max 

adjusted  to  the  water-vapor  absorption  band  pot , enabled  one  to  use  the 
device  as  an  optical  hygrometer  (Kondratyev,  1973).  The  horizontal  atmos- 
pheric transparency,  or  the  meteorological  visibility  S (S  = 3/a  where  a 
is  the  coefficient  of  light  scattering  per  km),  was  recorded  with  a photo- 
electric nephelometer  (Polevitsky,  1972). 

To  measure  the  degree  of  day  sky  polarization  at  the  point  of  maxi- 
mum polarization,  a visual  polarimeter  (A  = 0.533)  and  a photoelectric 
polarimeter  with  five  interference  filters  were  used  in  the  visible  and 
near  infrared  spectrum  region  from  A - 0.3  pm  to  A = 1 pm. 

Measurements  of  the  spectrum  of  particle  size  and  chemical  composition 
of  atmospheric  aerosol  in  the  surface  atmospheric  layer  were  taken  at  dif- 
ferent levels  and  different  points  about  1.5  km  apart  (Ivlev,  1970;  Prokof- 
yev, 1972). 

In  conjunction  with  aerosol  sampling,  lidar  measurements  of  backward 
scattering  and  depolarization  coefficients  were  performed.  The  observa- 
tions were  carried  out  on  the  days  of  aerosol  sonde  launches,  according 
to  the  following  program.  The  actinometric  observations  and  observations 
of  meteorological  visibility  were  made  at  30-minute  intervals;  the  aerosol 
sampling  was  carried  out  at  1-hour  intervals.  Whenever  possible,  measure- 
ments of  radiation  characteristics  of  the  whole  atmospheric  thickness  were 
taken. 

Discussion  of  the  Results  and  Data  Ana  by  s i s 

The  day-time  course  of  optical  and  meteorological  characteristics  ot 
the  atmosphere  on  August  1,  3 and  5 is  shown  in  Figure  1.  No  anomalies 
can  be  found  in  correlations  between  various  optical  parameters  (optical 
thickness,  horizontal  atmospheric  transparency,  aerosol  extinction)  and 
meteorological  characteristics.  Representative  spectral  variations  of 
aerosol  optical  thickness  on  August  1,  3,  5 and  6 are  reproduced  in  Figure  2. 
These  curves  are  fitted  by  the  equation  t*  = 3A_n,  which  describes  solar 
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radiation  extinction  due  to  aerosol  in  a moist  atmosphere.  The  exponent 
n varied  between  0.9  and  0..$,  which  corresponds  to  a water  content  of  1.8  - 
3.5  cm. 

Significant  turbidity,  observed  during  the  experiment,  should  be 
noted.  The  mean  value  of  the  integral  transparency  I’  was  about  0.65;  some- 
times the  aerosol  optical  thickness  was  as  high  as  0.60  at  \ = 0.35  pm  and 
0.23  at  A = 1 pm.  The  degree  of  day  sky  polarization  at  the  point  of  maxi- 
mum polarization  did  not  exceed  0.45  under  cloudless  conditions. 

Low  atmospheric  transparency  is  a regular  characteristic  of  the  area 
(Pivovarova,  1969).  This  feature  is  connected  with  both  industrial  air 
pollution  and  fog  formation  and  dispersion  in  the  floodlands  of  the  Seim 
River  situated  nearby. 

An  analysis  of  t*(A)  has  shown  that  in  the  shortwave  spectrum  region, 
a deviation  from  X n was  observed  twice  during  this  period  (with  northwest 
surface  winds  and  at  P,  0.72).  The  overestimated  values  of  t*(A)  might 
be  caused  by  radiation  absorption  by  ferric  oxide  particles,  the  presence 
of  which  is  natural  in  this  industrial  area.  At  P > 0.70,  there  was  no 
deviation  from  the  above  law  which  agreed  favorably  with  the  data  cited  by 
Barteneva  (1976). 

An  aerosol  absorption  effect  can  be  confirmed  from  the  deformed  curves 

of  the  diurnal  variations  of  P observed  during  individual  cloudless  periods, 

max 

the  value  of  t*(A)  being  constant.  However,  due  to  a lack  of  long-term 
observations  and  meteorological  conditions  unfavorable  for  determination  of 
the  atmospheric  optical  characteristics,  one  cannot  reliably  estimate  an 
aerosol  absorption. 

Surface  lidar  aerosol  measurements  were  made  in  the  horizontal  direct- 
ion only  at  the  ruby  emission  wavelength  (639  pm).  Included  in  lidar 
measurements  were  diurnal  variations  of  the  depolarization  coefficient 
d (t ) in  the  atmospheric  surface  layer  and  spatial  distribution  of  this 
quant itiy,  d(R),  along  specified  paths.  The  diurnal  variations  of  d reflect 
changes  in  aerosol  particle  microstructurc;  namely,  transformation  from 
a non-spherical  shape  to  a spherical  one. 

The  maximum  value  of  d (0.2-0. 3),  observed  around  noon,  corresponds  to 
the  most  dusty  atmosphere,  while  a minimum  value  observed  at  night  and  early 
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morning,  corresponds  to  a decrease  in  dust  particles  in  the  surface  layer 
and  to  their  partial  water  coating  and  subsequent  transition  to  spherical 
shape. 

Aerosol  was  sampled  at  three  different  points  the  balloon  launching 
site,  the  solar  radiation  observing  site  and  the  meteorological  observing 
site.  The  difference  in  elevation  of  the  first  and  third  sites  was  about 
40  m.  At  the  latter  site,  sampling  was  made  at  1,  2,  5 and  8 in  above 
ground  level.  Measurements  of  aerosol  microphysical  parameters  in  the  sur- 
face layer  were  taken  using  polyvinylchloride  filters,  which  make  it  possible 
to  carry  out  chemical  analysis  and  gain  information  on  microstructure  with 
optical  and  elect  ron  m i c ro s c ope s . 

Chemical  composition,  number  density,  size  distribution  and  morpho- 
logical structure  of  aerosol  particles  were  analyzed  over  a twenty  four 
hour  period  at  different  levels.  These  data  made  it  possible  to  evaluate 
the  input  of  local  surface  sources  into  the  vertical  structure  of  atmospheric 
aerosol,  as  well  as  to  calculate  the  optical  characteristics  of  the  surface 
aerosol.  Typical  data  on  the  particle's  chemical  composition,  size  distri- 
bution and  number  density  in  the  surface  layer  over  the  Rvlsk  area  for  the 
summer  period  are  given  in  Table  1.  Analysis  of  the  data  leads  to  the 
following  conclusions: 

1.  The  main  part  of  the  surface  layer  aerosol  is  of  soil  origin. 

2.  Powerful  convective  transfer  of  aerosol  into  the  troposphere  is 
characteristic  for  the  given  observational  conditions. 

3.  A diurnal  variation  of  the  aerosol  content  in  the  surface  layer  is 
observed,  which  is  associated  with  particle  generation  in  the  morn- 
ing and  day  hours  with  subsequent  development  of  turbulence  and 
convect ion . 

Two  maxima  in  particle  concentration  are  distinctly  observed  in 
morning  to  noon  and  in  the  evening  hours.  A particularly  high  con- 
centration of  soil  dust  was  observed  over  the  meteorological 
site  (p  ~ 0.5  mg  m '*') , which  is  to  a great  extent  associated  with 
wind  erosion  of  top  soils. 

The  strange  variability  of  aerosol  content  in  the  lower  tropo- 
sphere and  in  the  surface  layer  is  obviously  connected,  not  only 
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with  diurnal  variations  of  particle  generation  processes,  but 
with  washing  out  of  particles  by  clouds  and  by  precipitation  as 
well. 


4.  Comparison  of  the  microphysical  data  with  measurements  in  previous 
years  shows  that  although  no  significant  changes  in  the  surface 
aerosol  structure  occurred,  a small  change  in  the  particle  size 
distribution  was  observed.  The  secondary  maximum  of  the  particle 
size  distribution,  which  fell  in  the  2-4  pm  range  during  the 
1967  - 1969  measurements,  shifted  to  3 to  5 pm  for  the  present 
experiment.  This  observation  agrees  with  data  obtained  from 
corona  photometer  measurements  of  solar  radiation  scattered  at 
small  angles. 

The  electron  microscope  analysis  provided  a detailed  study  of  the 
particle's  morphological  structure  and  the  influence  of  ambient 
air  parameters  on  it.  In  particular,  the  particles  with  a liquid 
coating,  which  left  circular  traces  after  evaporating,  were  found 
to  be  present  in  samples  taken  at  relative  humidities  far  from 
saturation  ( ~ 801.).  In  addition,  a transition  of  the  size  distri- 
bution maximum,  from  the  size  range  0.01  - 0.05  pm  to  0.05  - 
0.1  pm,  was  observed  when  relative  humidity  increased  from  80%  to 
95%. 

In  the  range  of  particle  radii  larger  than  0.5  pm,  almost  all  of 
the  particles  were  of  irregular  shape  and  were  mainly  of  soil  origin. 
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The  strange  variability  of  aerosol  content  in  the  lower  troposphere 
and  in  the  surface  layer  is  obviously  connected,  not  only  with  diurnal 
variations  of  particle  generation  processes,  but  \>  i i h washing  out 
of  particles  by  clouds  and  by  precipitation  as  well. 

4.  Comparison  of  the  microphysical  data  with  measurements  in  previous 
years  shows  that  although  no  significant  changes  in  the  surface  aer- 
osol structure  occurred,  a small  change  in  the  particle  size  dis- 
tribution was  observed.  The  secondary  maximum  of  the  particle  size 
distribution,  which  fell  in  the  2 - 4 pm  range  during  the  1907-69 
measurements,  shifted  to  3 to  5 pm  for  the  present  experiment.  I'his 
observation  agrees  with  data  obtained  from  corona  photometer  measure- 
ments of  solar  radiation  scattered  at  small  angles. 

The  electron  microscope  analysis  provided  a detailed  study  of  the 
particle's  morphological  structure  and  the  influence  of  ambient  air 
parameters  on  it.  In  particular,  the  particles  with  a liquid  coat- 
ing, which  left  circular  traces  after  evaporating,  were  found  to  be 
present  in  samples  taken  at  relative  humidities  far  from  saturation 
l~80°<>).  In  addition,  a transition  of  the  size  distribution  maximum, 
from  the  size  range  0.01  - 0.05  pm  to  0.05  - 0. I pm,  was  observed 
when  relative  humidity  increased  from  SO0,,  to  95H. . 

In  the  range  of  particle  radii  larger  than  0.5  pm,  almost  all  of 
the  particles  were  of  irregular  shape  and  were  mainly  of  soil  origin. 


A 1 RCRAFT  MliASURl  MT.NTS 

Inst  rumentat ion 

The  instrumentation  on  hoard  the  II. -18  MGO  flying  laboratory  included: 

1.  A set  of  instrumentation  for  obtaining  meteorological  data. 

2.  Spectral  instrumentation.  The  spectral  measurements  were  performed 
with  the  help  of  two  identical  k-2  spectrometers,  receiving  radi- 
ation coming  from  the  lower  and  upper  hemispheres  in  the  wavelength 
range  of  550  - 950  nm  (Zaitseva,  19" 11. 

5.  Aircraft  actinometric  complex  (Vinogradova,  19~3;  Omokhovski,  1972). 

4.  Aerosol  complex  A. 2 consisting  of  an  impactor  and  a filter  sampler 
(Dmokhovsky , 1973;  Sivkov,  1908). 
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Discussion  of  t ht'  Resu  Its  Obtained 

Measurements  between  altitudes  of  0.5  kin  and  7.2  km  permitted  deter- 
mination of  the  absorptivity  of  this  atmospheric  layer.  The  spectral  value 
of  aerosol  absorption  in  this  layer  cannot  be  singularly  determined  as  it 
is  characteristic  of  the  ferric  oxide  absorption  and  varies  comparatively 
little  with  wavelength.  The  aerosol  absorption  of  shortwave  radiation  in 
this  area  is  obviously  determined  by  the  presence  of  soot  particles  besides 
the  ferric  oxides. 

Act inometric  measurements  have  shown  that  the  integral  value  of  aerosol 
absorption  by  the  0.5  - 7.2  km  layer,  in  the  absence  of  clouds,  was  about 
2.5V  Spectral  measurements  in  the  region  of  350  - 150  pm  yielded  aerosol 
absorption  values  reaching  5 to  (>V 

Aerosol  measurements  have  shown  appreciable  spatial  inhomogeneity  of 
particle  concentration,  both  in  vertical  and  horizontal  directions.  In 
particular,  inhomogeneous  horizontal  structure  of  aerosol  was  observed  up 
to  3 - 3.5  km,  which  was  due  to  t he  influence  of  the  Seim  River  upon  convective 
air  flows  and  relative  humidity  in  the  lower  troposphere.  Some  results  of 
aircraft  measurements  of  tropospheric  aerosol  number  density,  size  distribution 
and  chemical  composition  are  given  in  Tables  2 and  3.  it  should  be  noted  that 
the  impactor  and  filter  data  on  size  distribution  differ  significantly,  which 
can  he  explained  by  both  the  aerosol  particle  nature  and  differences  in  samp- 
ling techniques. 

Fine  organic  particles  are  dissolved  during  the  dissolving  of  the  filter 
fiber  in  xylene.  Droplets  of  acid  solutions,  in  particular  those  of  sulfuric 
acid,  cannot  be  seen  through  the  optical  microscope,  while  traces  of  such 
droplets  are  practically  always  found  during  electronic  microscope  survey. 

The  spreading  of  liquid  particles  over  the  substrate  is  an  important  factor, 
also.  This  can  lead  to  overestimating  the  particle  size,  especially  for 
the  range  of  r > 0.5  pm. 

The  tropospheric  aerosol  chemical  composition  in  the  area  of  Rylsk 
has  no  special  features.  An  increased  amount  of  Fe  and  A1  in  aerosol  matter 
is  observed.  Ca  is  scarce,  obviously  due  to  the  local  soils'  composition. 
Concentrations  are  significantly  lower  compared  to  samples  taken  over  the 
Kara-Kum  desert  and  the  Atlantic  to  the  southwest  of  the  Sahara.  The  dimen- 


sions  ot  particles,  which  can  be  identified  as  He  0 , vary  widely  from 

r = 20  - 30  um,  to  r = 250  - 300  pm,  in  contrast  to  kara-Kura  samples 

min  max 

where  the  F e 2 0 3 particles  were  of  almost  uniform  size. 

It  should  be  noted  that  layers  of  higher  concentration  of  He  aerosol 
were  observed  at  certain  altitudes.  These  particles  looked  brown  under  the 
optical  microscope  and  their  chemical  analysis  showed  increased  content  ot'  IV. 

Sulfate  concentrations  were  rather  low.  The  S04"  content  never  ex- 
ceeded 0.2  pg  m~  1 for  the  3 to  5 km  altitudes. 

Electron  microscopy  of  samples  shows  that  the  sulfate  particles  were 
never  larger  than  r = 0.5  pm.  Some  particles  evaporated  under  the  electron 
beam.  These  were  of  pm  size  and/or  irregular  shape.  It  is  most  probable 
that  they  were  of  organic  origin. 

BALLOON  MEASUREMENTS 
Inst  rumentat ion 

1.  Standard  radiosonde  capable  of  providing  data  on  temperature, 
humidity  and  wind  speed. 

2.  Night  actinometer  radiosonde  ARZ-1  of  the  Central  Aerological  Ob- 
servatory design.  Radiation  measurements  were  performed  during 
night  time  prior  to  the  morning  balloon  launches  (Ivlev,  1970). 

3.  Photoelectric  particle  counter  determining  the  particle  concentra- 
tion in  two  ranges  of  d!  >.  0.3  pm,  and  d,  2.  0.5  pm  of  the  Univers- 
ity of  Wyoming  design. 

4.  lmpactor  and  single  use  filter  device  operating  continuously  above 
a pre-set  altitude  (Kondratyev,  1974;  Ivlev,  1972;  Zuev,  1973). 

In  the  impactor,  the  particles  are  deposited  on  a glass  substrate 
covered  with  silicon  oil.  Analysis  of  impactor  samples  was  performed  b> 
means  of  an  optical  micro  cope.  It  made  it  possible  to  obtain  the  non-vola- 
tile particle  concentration  and  size  distribution  for  r N 0.22  pm. 

Polyvinylchloride  filter  tissue,  contributed  by  the  aerosol  laboratory 
of  the  Karpov  Physico-Chemical  Institute,  was  used  for  the  experiment.  The 
analysis  of  filter  samples  was  made  by  means  of  both  optical  and  electron 
microscopes.  The  electron  microscope  made  it  possible  to  obtain  the  aerosol 
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particle  size  distribution  for  the  whole  stratospheric  layer,  beginning  with 
a particle  size  of  0.22  pm,  as  well  as  to  analyze  the  samples  morphologically 
The  analysis  has  shown  that  the  substrate  were  significantly  contaminated 
with  dust  from  balloons.  Balloon  particles  were  comparatively  easy  to  iden- 
tify under  the  electron  microscope  because  of  their  specific  microstructure. 

Discussion  of  the  Results  Obtained 

The  principal  results  of  aerosol  measurements  are  given  in  Table  4 and 
Figure  3.  One  can  point  out  that  there  is  not  complete  agreement  between 
the  data  of  all  three  instruments.  It  should  be  noted  that  the  impactor 
data  correlate  very  well  with  data  on  wind  speed  in  the  troposphere:  maxima 
of  particle  concentration  correspond  to  wind  speed  maxima.  The  largest  dis- 
crepancy is  in  the  stratosphere  where  the  impactor  indicates  smaller  concen- 
trations than  the  dustsonde.  As  long  as  the  impactor  efficiency  does  not 
vary  much  with  height,  the  explanation  for  this  fact  should  be  searched  for 
in  the  nature  of  the  stratospheric  aerosol  itself.  The  electron  microscopy 
of  samples  shows  the  presence  of  spherical  particles  which  evaporate  in  the 
electronic  microscope  and  leave  "clear  spot"  traces  (Figure  4).  If  one  takes 
into  account  the  concentration  of  clear  spots  and  their  size  distribution 
for  the  impactor  samples,  then  the  agreement  between  the  photoelectric 
counter  and  the  impactor  data  would  greatly  improve.  A particularly  good 
agreement  can  be  reached  if  one  supposes  that  the  dimensions  of  the  "clean 
spots"  are  slightly  less  than  the  dimensions  of  the  evaporated  spheres.  It 
is  highly  probable  that  these  spheres  were,  in  reality,  sulfuric  acid  drop- 
lets, known  to  exist  in  the  stratosphere.  In  the  case  of  sulfate  particles, 
some  non- evaporated  ones  would  have  been  observed.  Spherical  traces,  larger 
than  0.2  pm,  were  also  observed,  but  in  these  cases  non-volatile  intrusions 
were  always  present.  The  question  of  the  possibility  of  acid  droplets 
smaller  than  0.2  pm  needs  special  research,  because  the  physical  mechanism 
blocking  their  evaporation,  is  not  clear. 

The  observation  of  an  aerosol  layer  at  10  km  altitude  (see  Figure  3) 
is  of  special  interest.  The  layer  may  have  been  due  to  volcanic  eruptions. 
Calculations  of  trajectories  for  dust  particles  injected  to  the  200  mb  level 
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during  the  eruption  of  Tolbuchik  volcano  (Kamchatka  peninsula)  shows  that 
these  particles  could  reach  the  Rylsk  area  in  approximately  1U  days,  figure 
5 shows  a trajectory  of  dust  particles  injected  to  the  200  mb  level  on  July 
27,  1975,  reaching  the  Rylsk  area  on  August  5,  1975.  Intensive  dust  out- 
breaks into  the  atmosphere  by  the  Tolbuchik  volcano  began  approximately  July 
17-20,  1975,  so  that  volcanic  dust  could  have  il ready  reached  the  Rylsk  area 
by  July  31  or  August  1. 

Intercomparison  of  data  on  aerosol  particle  vertical  concentration 
and  longwave  up  and  downwel 1 ing  radiation  flux  is  interesting  (1'igure  6). 

In  all  three  cases  of  actinometric  radiosonde  ARZ-1  launches,  an  air  temper- 
ature inversion  near  the  surface  was  observed  to  diminish  the  radiative 
flux  variations  by  0.015  - 0.05  cal  cm  min'1.  Radiative  heating  up  to 
0.7°C  hr'1  under  the  inversion  layer  was  observed  during  the  second  launch. 
Radiative  heating  was  also  observed  in  the  higher  atmospheric  layers.  Radi- 
ative warming  and  cooling  layers  were  in  turn  observed  near  the  tropopause. 
The  dl'/dT  profile  indicates  the  presence  of  thin  air  layers  within  which 
cooling  and  heating  occur,  probably  determined  by'  the  optical  properties  of 
thin  aerosol  layers.  Above  20  km,  this  effect  is  obviously  influenced  by 
the  presence  of  ozone  in  the  atmosphere  and  no  meaningful  correlation  between 
aerosol  layers  and  radiative  warming  and  cooling  could  be  found. 

CONCLUSION 

The  aerosol-radiation  experiment,  held  in  Rylsk  in  the  summer  of  1975, 
represents  an  attempt  at  a complex  approach  to  determination  of  aerosol 
structure,  in  particular,  the  stratospheric  aerosol.  The  data  on  aerosol 
were  obtained  by  means  of  simultaneous  microphysical  and  optical  measure- 
ments; an  attempt  was  made  to  evaluate  the  role  of  aerosol  in  radiative 
properties  of  the  atmosphere.  Ihe  data  testify  to  inadequacy  of  different 
techniques  for  measuring  the  atmospheric  aerosol  (e.g. , impact or  and  photo- 
electric counter),  at  the  same  time  showing  how  the  information  on  aerosol 
is  combined  if  different  measurement  techniques  are  simultaneously  employed. 
It  is  interesting  to  note  that  the  most  satisfactory  agreement  between  the 
optical  and  microphysical  data  on  aerosol  content  in  the  atmosphere  is  ob- 
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served  for  larger  particles  (r  > 0.1  unO  which  proves  that  such  particles, 
present  in  the  cloud-free  atmosphere,  arc  mainly  non-volatile. 

The  confirmation  of  an  aerosol  layer  consisting  mainly  of  liquid 
particles  in  the  lower  stratosphere  is  a particularly  important  result. 

These  are  probably  particles  of  sulfuric  acid.  This  conclusion  is  important 
for  understanding  the  complete  physics  of  the  lower  stratosphere. 

It  follows  from  the  available  data  that  aerosol  influence  on  the  radi 
ative  regime  in  the  upper  atmosphere  is  not  a decisive  factor. 

Experience  gained  in  conducting  field  research  during  this  joint  Soviet 
and  American  program  will  certainly  be  of  great  help  in  future  cooperative 
efforts  such  as  the  proposed  Global  Atmospheric  Aerosol  Radiation  Experiment 
(GAAREX) . 
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TAB  I ! l 


SURIAC1  I.AYI.R  AI  ROSOI  SI2T  DISTRIBUTION  l nm  1 cm  ‘) 


1500 

5 August  1975 

Rylsk 

Height  (in) 

r (uml 

1 

5 

8 

0.22 

0.31 

- 

- 

- 

0 . 37 

1.210 

1.112 

0.884 

0.398 

0.52 

0.870 

0.059 

0 . 4 30 

0.  155 

0.02 

1.372 

1.510 

0 . 908 

0.892 

0 . 94 

0 . 1 39 

0.0158 

0.  173 

0 .041 3 

l . 00 

0 . 3 1 0 

0.320 

0.484 

0.544 

1.52 

0 . 07 1 8 

0.0158 

0 . 1 03 

0 . 04  1 .3 

1.50 

0.0877 

0.0248 

0 . 004 5 

0.121 

2.18 

0.0248 

0.111 

0.0045 

0.0797 

2.20 

0.00085 

0.00495 

0.00805 

0.0139 

2.50 

0 . 0000 

0.01 00 

0.0290 

0.0255 

3.  12 

- 

0.01 24 

- 

0.0200 

3.  70 

0.00274 

0.00322 

0 . 005 1 o 

0.005 50 

4 . 37 

0.0341 

0.0218 

0.0044 

0.0796 

0.20 

0.0015 

0.00148 

0.0032 

0.0032 

1 2 . 00 

0.0003 

0.0000 

0.0029 

0.0008 

N C>r) -cm' 3 

r=0. 2 urn 

7 . 90 

7.95 

3 . 04 

2.50 

TABLE  2 

AIRCRAFT  IMPACTOR  MEASURED  SIZE  DISTRUBUTION  (wm' 1 cm 
5 August  1975  - Rylsk 


0.0003  0.0003 
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TABLE  4 


BALLOON  IMP ACTOR 

MLASURLMLNTS  OF  AF.ROSOL 

August  1975  - Rylsk 

Date 

CONCFNT RATION 

August  1 

August  3 

August 

5 

Height 

(km) 

N(>r)-cm  3 
r=0. 2ym 

Height  N(>r)-cm' 

(km)  r=0.2|im 

Height 

(km) 

N (>r) -cm' 1 
r=0. 2)jm 

0 

7 . 03 

0 

0 . 05 

6.86 

0.2 

7.95 

0.5 

0.5 

7.30 

0.7 

6.60 

1.0 

0.9 

2.90 

1.2 

6.28 

1.5 

1.4 

4 . 03 

1.7 

6.46 

2.0 

1.9 

3 . 94 

2.2 

5.78 

2.5 

2 . 35 

4.60 

2.7 

6.85 

3.0 

2.85 

1 . 7 1 

3.2 

18.5 

3.5 

3.3 

3 . 67 

3.8 

13.25 

4.0 

3.75 

6.32 

4.3 

4.67 

4.5 

4.2 

5.59 

4.8 

6.54 

5.0 

4.65 

4.36 

5.3 

5.84 

5.5 

5.1 

4.45 

5.8 

6 . 36 

6.0  < 

5.65 

8.46 

6.3 

9 . 00 

6.5  « 

6.  1 

6.00 

6.75 

7.50 

7.00  a 

6.65 

3.99 

7.2 

4 . 70 

7‘5 

7.1 

2.70 

7.7 

1.65 

8.0  z 

7.6 

1.16 

8.2 

1.82 

8.5 

8.0 

0.40 

8.7 

1.76 

9.00 

8.4 

0.30 

9.15 

1.50 

9.5 

8.8 

0.20 

0.6 

1.28 

10.00 

9.25 

0.32 

10.  1 

2.  18 

10.5 

9.7 

0 . 36 

10.6 

2 . 05 

10.95 

10.3 

0.80 

11.1 

0.5 

11.4 

10.9 

0.61 

11.6 

11.9 

11.3 

0.90 

12.  1 

12.4 

11.8 

0.73 

1 ABLE  4 (Continued) 


BALLOON  IMP ACTOR 

MEASUREMENTS  OF  AEROSOL 

August  1975  - Rylsk 

Date 

CONCENTRATION 

August 

1 

August  3 

August 

5 

Height 

(km) 

N(>r) -cm' 3 
r=0.2  pm 

Height 

(km) 

N(>r) -cm' 3 
r=0.2um 

Height 

(km) 

N (>r)  -an'  ' 
r=0. 2ym 

12.6 

12.9 

12.2 

0.78 

13.1 

13.4 

12.6 

0.43 

13.6 

13.9 

13.05 

0.52 

14.  1 

14.4 

13.5 

0.43 

< 

14.6 

t— 

14.9 

< 

14.0 

0.48 

15.  1 

< 

Q 

15.4 

H 

14.5 

0.45 

15.6 

15.9 

< 

Q 

14.9 

0.45 

16.  1 

Q 

Z 

16.4 

15.3 

0.49 

16. 6 

16.9 

O 

15.8 

0.43 

z 

17.  1 

17.4 

16.3 

0 . 58 

17.6 

0.68 

16.75 

0.42 

18.1 

0.35 

18.4 

17.2 

0.34 

18.6 

0.70 

18.9 

17.7 

0.18 

19.1 

0.50 

19.4 

0.23 

18  2 

0. 14 

19.6 

0.37 

19.85 

0.23 

18.7 

0.10 

20. 1 

0.  36 

20.3 

0.31 

19.2 

0.10 

20.6 

0.37 

20.8 

0.25 

19.7 

- 

21. 1 

0.46 

21.8 

0. 17 

20.2 

- 

21.6 

0.  275 

22.3 

0.24 

20.65 

- 

22.  1 

0.26 

22.8 

0.48 

21.  1 

- 

22. b 

0.314 

23.3 

0.52 

21.55 

- 

23.  1 

0.28 

23.8 

0.50 

22.0 

- 

23.6 

0.20 

24.3 

0.54 

22.45 

- 

24.1 

0.10 

24.8 

0.42 

22.9 

- 

24.6 

0.05 

25.3 

0.34 

25.1 

0.05 

25.8 

0.32 

4 b 


AEROSOL  CONCENTRATION  (cm'3) 
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APPENDIX  5 


Al:.  ROSO  L - RAD  1 AT  I ON  EXPERIMENT 
SECOND  PHASE 

The  Sov iet-Anierican  aerosol -radiation  studies  were  undertaken  from 
25  July  to  22  August  1976,  in  Laramie,  in  conformity  with  the  agreement 
reached  in  May  of  1976,  in  Leningrad. 

The  program  of  investigations  included  measurements  by  the  Soviet  and 
American  balloon-borne  instruments.  Five  actinometric  sondes,  developed  in 
the  Central  Aerological  Observatory,  were  launched.  The  Soviet  balloon- 
borne  instrumentation,  developed  at  the  Leningrad  State  University  and  the 
Voeikov  Main  Geophysical  Observatory,  included  impactor  and  filter  sampling 
devices . 

Impactor 

The  impactor  provides  information  on  particles  with  r ^0.2  vim. 
Sampling  was  performed  during  the  ascent  of  the  balloon  simultaneously 
with  filter  sampling.  Samples  were  analyzed  in  the  laboratory  using 
an  optical  microscope. 

F i Iter  sampling  device 

Samples  were  taken  for  three  atmospheric  layers  (see  the  Table  of 
filter  data).  The  chemical  composition  of  samples  was  determined  by 
spectral  analysis. 

Actinometric  measurements 

The  second  phase  of  the  experiment  included  the  nocturnal  actino- 
metric measurements  of  the  longwave  radiation  fluxes  between  4 pm 
and  40  pm,  before  each  aerosol  sounding  of  the  atmosphere.  Measure- 
ments were  taken  two  hours  after  sunset  and  two  hours  before  sunrise 
in  order  to  eliminate  the  effect  of  shortwave  radiation.  For  actual 
flight  conditions,  the  rms  error  for  the  longwave  radiation  fluxes 
is  0.005  eal/em'min  and  in  radiative  cooling  rate  for  every  100  mb 
layer  constitutes  0.007°C/hr. 


Evaluation  of  the  impact  of  various  factors  on  the  rate  of  radiative 
temperature  variation  is  greatly  facilitated  by  the  availability  of  spectral 
measurement  data;  whereas,  in  actinometric  (integral)  soundings,  the  results 
of  accompanying  aerological  measurements  are  of  particular  importance,  i.e., 
data  on  the  content  of  water  vapor,  aerosol,  ozone  and  other  active  gaseous 
components  in  the  atmosphere,  such  as  carbon  dioxide,  freons,  etc.  The 
data,  when  used  for  numerical  modeling,  make  it  possible  to  quantitatively 
evaluate  the  effect  of  aerosol  and  other  factors  on  the  longwave  radiation 
transfer. 

The  following  table  lists  data  on  actinometric  radiometersonde  launches. 
All  of  them  were  carried  out  in  clear  sky  (20-30%  cloudiness)  and  weak  wind 
conditions. 


DATA  ON  ACTINOMETRIC  RADIOMETERSONDE  LAUNCHES 


Fit.  No. 

Date 

Time 

(MST) 

Temperature 

°C 

Wet  Dry 

Pressure 

(mb) 

Maximum  Height  And 
Time  When  Reached 

Height  (km)  Time 

W-126 

31  .July 

0402 

15.8 

18.2 

784 . 0 

22.35 

0526 

W- 128 

3 Aug. 

2258 

13.5 

16.8 

784.6 

25.09 

0033 

W-129 

4 Aug. 

0358 

10.2 

13.8 

784.5 

28 . 26 

0527 

W-  131 

5 Aug. 

2241 

13.8 

18.2 

784.6 

29.47 

0041 

W- 132 

6 Aug. 

• 0412 

12.1 

14.9 

784.6 

26.65 

0551 

All  the  results  obtained  by  the  Soviet  side  are  presented  in  tables  and 
graphs  in  this  appendix.  Symbols  used  for  measured  quantities  in  tables  and 
graphs  are  as  follows. 
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. - F 

■ - et 

9T/3t 


Downward  longwave  radiation  flux. 

Tempo  rat  lire 

Effective  longwave  radiation  flux. 

Upward  longwave  radiation  flux. 

Rate  of  radiative  change  of  temperature. 


HEIGHT  (km) 


W-126  - Radiometersonde 


Time 

Pressure 

Ap 

lb 

e \ 

e t 

F 

AF 

9T/3t 

(MST) 

Lm_y 

(mb) 

CQ 

L££J 

- 2 

. . cm 

min'  1 ) 

°C  hr' *xl0 

0402 

784 

39 

13.8 

0.534 

0.562 

0.028 

0.012 

-7.53 

0403 

745 

30 

13.6 

0.507 

0.547 

0.040 

0.009 

-7.35 

0404 

715 

34 

13.5 

0.407 

0.546 

0.049 

-0.001 

+ 0.71 

0405 

681 

21 

10.7 

0.495 

0.543 

0.048 

0.003 

-3.48 

0406 

660 

40 

9.7 

0.488 

0.539 

0.051 

0.005 

-3.06 

0407 

620 

26 

6.2 

0.474 

0.530 

0.056 

-0.006 

+5 . 64 

0408 

594 

24 

2.8 

0.473 

0.523 

0.050 

0.007 

-7.13 

0409 

570 

27 

0.2 

0.448 

0.505 

0.057 

0.002 

-1.81 

0410 

543 

25 

-2.5 

0.440 

0.499 

0.059 

0.006 

-5.88 

0411 

518 

23 

-4.9 

0.423 

0.488 

0.065 

-0.014 

+13.72 

0412 

495 

30 

-7.6 

0.418 

0.469 

0.051 

-0.002 

+ 1.62 

0413 

465 

20 

-12.9 

0.414 

0.463 

0.049 

-0.035 

+42.88 

0414 

445 

15 

-13.6 

0.402 

0.416 

0.014 

0.038 

-62.06 

0415 

430 

15 

-17.4 

0.347 

0.399 

0.052 

0.069 

-112.7 

0416 

415 

20 

-19.1 

0.284 

0.405 

0.121 

0.013 

-15.92 

0417 

395 

16 

-19.4 

0.262 

0.396 

0. 134 

0.002 

-3.06 

0418 

379 

15 

-21.0 

0.244 

0.380 

0. 136 

0.005 

-8.16 

0419 

364 

10 

-23.0 

0.236 

0.377 

0.  141 

-0.003 

+ 7.35 

0420 

354 

\ 

17 

-24.8 

0.232 

0.370 

0.138 

0.005 

-7.20 

0421 

337 

( 

18 

-26.2 

0.224 

0.367 

0.143 

0.004 

-5.44 

0422 

3321 

-27.8 

0.213 

0.364 

0.151 

0423 

31 9^ 

16 

-29.5 

0.210 

0.357 

0.147 

0.006 

-9.19 

0424 

311/ 

-31.1 

0.204 

0.352 

0.148 

56 


W-126  - Radiometcrsonde  (Continued) 
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I 
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T ime 

Pressure  Ap 

Lb 

e 4 

et 

F 

AF 

31/ 8 T 

(MSI) 

(mb) 

(mb) 

(°C) 

(cal.  cm' 

‘ min" 

Li 

°C  hr-1x  10 

0425 

303 

> 20 

-32.8 

0. 195 

0.348 

0.153 

-0.001 

+ 1.22 

0426 

299 

) 

1 

-34.5 

0.194 

0.343 

0. 149 

0427 

283  i 

l 

) 17 

-36.7 

0.185 

0.337 

0. 152 

-0.005 

+ 7.2 

0428 

273 

t 

1 

-38.4 

0. 182 

0.334 

0.  152 

0429 

266) 

> 20 

-40.5 

0.179 

0.326 

0.147 

0.021 

-25.72 

0430 

256  J 

-42.0 

0.159 

0.320 

0.161 

0431 

24  b' 

-44.1 

0.148 

0.316 

0.168 

0432 

233 

> 18 

-45.4 

0.140 

0.313 

0.  173 

0.012 

-16.32 

0433 

233 j 

-46.7 

0.130 

0.309 

0.179 

0434 

228  | 

^ 19 

-48.6 

0.  128 

0.308 

0.180 

0.020 

-25.77 

0435 

2,8. 

-50.6 

0.  121 

0.321 

0.200 

0436 

\ 

209 

-51.8 

0.118 

0.318 

0.200 

0437 

203 

) 18 

-52.7 

0.113 

0 . 303 

0. 190 

0 . 005 

+ 6.79 

0438 

198  J 

I 

-54.1 

0.  109 

0.301 

0.  192 

0439 

191  | 

-55.8 

0. 105 

0.300 

0.  195 

0440 

186 

1 19 

-58.8 

0.  105 

0.304 

0. 199 

0.001 

-1.27 

0441 

179 

/ 

-60.2 

0.097 

0.303 

0.206 

0442 

172 

-62.5 

0 . 097 

0.293 

0 . 1 96 

044  3 

164 

) 19 

-63.7 

0.086 

0.297 

0.211 

0.027 

-34.81 

0444 

158 

> 

I 

-64.3 

0.086 

0.297 

0.211 

0445 

153' 

-63.5 

0.073 

0.296 

0.223 

0446 

148  ^ 

1 19 

-63.9 

0 . 068 

0.298 

0.  230 

0.012 

-15.46 

0447 

142  I 

-65.5 

0.063 

0.299 

0.236 

r>7 


W-126  - Radiometersonde  (Continued) 


Time 

Pressure 

Ap 

*b 

e + 

e t 

F 

min'  1 ) 

AF 

ax/  a t 

(MST) 

Cmb ) 

W 

_L°n 

(cal.  cm-2 

°C  hr' 1 x 

• 

0448 

134 

' 

-67.5 

0 . 068 

0. 303 

0.235 

0449 

129 

> 

21 

-67.0 

0.057 

0 . 304 

0.247 

0.011 

-12.81 

0450 

124 

-65.5 

0.052 

0.297 

0.245 

0451 

118 

- 64 . 6 

0 . 054 

0.293 

0.239 

0452 

113 

-66.6 

0.052 

0.298 

0.246 

0453 

108 

15 

-67.0 

0.057 

0.  295 

0.238 

0 . 004 

-6.52 

0454 

103 

j 

-67.7 

0.049 

0.295 

0.246 

0455 

98 

-67.6 

0.049 

0.299 

0.250 

0456 

94 

-67.0 

0.041 

0.299 

0.258 

04S7 

90 

* 

17 

-65.4 

0.036 

0.298 

0.262 

0.009 

-12.96 

0458 

87 

-65.2 

0.043 

0.296 

0.253 

0459 

84  , 

-66.  1 

0 . 038 

0.300 

0.262 

0500 

81 

-65.6 

0.040 

0.299 

0.259 

0501 

79 

-63.5 

0 . 04 1 

0.297 

0.256 

0502 

75 

i 

> 

10 

-62.3 

0.047 

0.292 

0.245 

-0.011 

+26 . 96 

0503 

75 

-60.8 

0.042 

0.293 

0.251 

0504 

71  ' 

-61.0 

0.044 

0.292 

0.248 

0505 

68 

• 

12 

-60.7 

0.047 

0.291 

0.244 

0 . 003 

-6.12 

0506 

66 

-59.6 

0.046 

0.294 

0.248 

0507 

64 

-58.0 

0.048 

0 . 290 

0.242 

0508 

61 

* 

58.5 

0.050 

0.293 

0.243 

0509 

59  ' 

-58.5 

0.048 

0 . 299 

0.251 

0510 

56 

-58.9 

0.049 

0.300 

0.251 

W-126  - Radiometersonde  (Continued) 


Time 

Pressure  Ap 

e + 

e+ 

F 

AF 

3T/3t 

(MST) 

(mb)  (mb) 

(°C) 

(cal.  cm"2 

min"  1 ) 

°C  hr"1  x 102 

0511 

55 

, » 

-58.2 

0.055 

0.298 

0.243 

-0.007 

+14.28 

0512 

53 

-57.9 

0.055 

0.297 

0.242 

0513 

51 

-57.0 

0.055 

0.295 

0.240 

0514 

49 

-54.8 

0.050 

0.295 

0.245 

0515 

48 

/ 

-55.0 

0.050 

0.299 

0.249 

0516 

47 

-55.0 

0.057 

0.301 

0.244 

0517 

46 

> 5 

-54.7 

0.054 

0.300 

0.246 

0.00 

0.00 

0518 

44 

-53.8 

0.058 

0. 302 

0.244 

0519 

42  ' 

-52.7 

0.058 

0 . 302 

0.244 

0520 

40 

> 5 

-52.0 

0.054 

0.309 

0.255 

-.002 

-19.60 

0521 

39 

-51.7 

0.057 

0.305 

0.248 

0522 

38 

-51.7 

0.057 

0.305 

0.248 

05.23 

37 

-51.8 

0.059 

0.307 

0.248 

r 


? 


•128 

3,  1976 
1 , Wyoming 


A 


HEIGHT  (km) 


W-128  - Radiometersonile 


T imc 

Pressure 

Ap 

Tb 

e+ 

e + 

F 

AF 

3T/3t 

(MST) 

(mb) 

(mb) 

(°C) 

(cal.  cm'2 

inin~  1 ) 

°C  hr"lx  10 

2258 

785 

36 

14.9 

0.475 

0.549 

0.073 

0.014 

-9.63 

2259 

749 

41 

13.0 

0.462 

0.549 

0.087 

0.012 

-7.15 

2300 

708 

34 

10.8 

0.450 

0.549 

0.099 

0.008 

-5.76 

2301 

674 

46 

7.7 

0.437 

0.544 

0. 107 

0.005 

-2.65 

2302 

628 

30 

3.0 

0.419 

0.531 

0.112 

0.00 

0.00 

2303 

598 

32 

-0.8 

0.404 

0.516 

0.112 

0.004 

-3.06 

2304 

566 

30 

-4.4 

0.376 

0.492 

0.116 

0.014 

-11.42 

2305 

536 

26 

-6.8 

0.360 

0.490 

0.130 

0.005 

-4.704 

2306 

510 

25 

-10.2 

0.339 

0.474 

0.135 

0.006 

-5.88 

2307 

485 

25 

-11.7 

0.318 

0.459 

0.  141 

0.010 

-9.80 

2308 

460 

25 

-14.8 

0.300 

0.451 

0.151 

-0.011 

+10.78 

2309 

435 

27 

-18.7 

0.277 

0.439 

0.  162 

0.004 

-3.62 

2310 

408 

17 

-20.8 

0.263 

0.429 

0. 166 

0.016 

-23.05 

2311 

391 

19 

-22.4 

0.244 

0.426 

0.182 

-0.012 

+15.46 

2312 

372 

24 

-25.1 

0.238 

0.408 

0.170 

0.001 

- 1 . 00 

2313 

348 

18 

-27.7 

0.232 

0.403 

0.171 

0 . 002 

_2  72 

2314 

350 

18 

-30.2 

0.218 

0.391 

0.173 

0.012 

-16.32 

2315 

312 

15 

-33.9 

0.203 

0 . 388 

0.  185 

0.005 

-8. 16 

2316 

297 

15 

-36.6 

0.  189 

0.379 

0. 190 

0 . 00 

0.00 

2317 

282 

16 

-40.0 

0. 177 

0 . 367 

0. 190 

0.012 

-18.38 

2318 

266 

10 

-43.7 

0.  161 

0.363 

0.202 

0 . 00 

0 . 00 

2319 

256 

9 

-45.5 

0. 153 

0.355 

0.202 

0.00 

0.00 

A 


W-128  - Radiometer sonde  (Continued) 


Time 

Pressure  An 

Cb 

o4 

el 

F 

AF 

9T/3t 

(MSI) 

(mb) 

(mb) 

(°C) 

(eal . cm'2 

min'  1 ) 

°C  hr'1  x 102 

2320 

247 

10 

-47.4 

0.145 

0.347 

0.202 

0 . 006 

-14.70 

2321 

237 

8 

-48.8 

0.134 

0.342 

0.208 

0.004 

-12.25 

2322 

229 

12 

-49.9 

0.125 

0.337 

0.212 

-0.006 

+12.25 

2323 

217 

5 

-51.0 

0.122 

0.328 

0.206 

-0.003 

+ 14.7 

2324 

212 

11 

-51.2 

0.118 

0.321 

0.203 

-0.003 

+ 6. 66 

2325 

201 

9 

-52.3 

0.115 

0.315 

0.200 

0.00 

0.00 

2326 

192  ' 

-54.0 

0.114 

0.314 

0.200 

2327 

185  | 

' 20 

-55.4 

0.111 

0.312 

0.201 

0.014 

-17.15 

2328 

178 

-54.9 

0.097 

0.309 

0.212 

2329 

172j 

-54.4 

0.094 

0.308 

0.214 

6 

0.0 

0.0 

2330 

166 

7 

-55.2 

0.093 

0.  307 

0.214 

-0.002 

+ 6.98 

2331 

159 

6 

-55.4 

0.093 

0.305 

0.212 

0.001 

-4.07 

2332 

153 

-56.6 

0.092 

0.305 

0.213 

\ 

6 

0.0 

0.0 

2333 

147 

-57.2 

0.092 

0.305 

0.213 

2334 

140 

' 13 

-58.8 

0.092 

0 . 300 

0.208 

0.00b 

-11.30 

2335 

134  j 

5 

-57.9 

0.092 

0.299 

0.  207 

0.0 

0.0 

23.3b 

129' 

-61.1 

0.092 

0.299 

0.207 

2337 

123 

-63.1 

0.089 

0.299 

0.210 

2338 

118 

> 20 

-62.7 

0.084 

0.297 

0.213 

0.01 1 

-9.05 

2339 

113 

-62.5 

0.081 

0 . 296 

0.215 

2340 

109, 

-61.9 

0.076 

0 . 294 

0.218 

2341 

104 

1 

-63.6 

0.076 

0.294 

0.218 

0.001 


-3.48 


65 


W-128  - Radiometersondc  (Continued) 


Time 

Pressure  Ap 

lb 

c4 

e t 

(•' 

AF 

3T/3i 

(MSI) 

(mb) 

(mb) 

C°C) 

(cal.  cnT‘ 

min-1) 

°C  hr' 1 x 

2342 

100J 

-63.2 

0.075 

0 . 294 

0.219 

2343 

97] 

> 9 

-63.7 

0.075 

0.294 

0.219 

-0.002 

+ 5.44 

2344 

91J 

-62.2 

0.073 

0.290 

0.217 

2345 

88  j 

> 7 

-61 . 1 

0.072 

0.289 

0.217 

0 . 00 

0 . 00 

2346 

82  J 

-61.4 

0.074 

0.291 

0.217 

2347 

81 ' 

-61.4 

0 . 074 

0.291 

0.217 

2348 

77 

-61.4 

0.070 

0 . 29 1 

0.221 

2349 

74 

> 19 

-61.8 

0 . 074 

0.295 

0.221 

0 . 009 

- 1 1 .60 

2350 

71 

-61 . 1 

0 . 068 

0.291 

0.223 

2351 

69 

-61.3 

0.071 

0.  295 

0.224 

2352 

65 

/ 

-60.2 

0.066 

0.291 

0.225 

2353 

62 

-59.2 

0 . 067 

0.293 

0.226 

2354 

60 

" 6 

-58.5 

0.067 

0.293 

0.226 

0.001 

-4 . 07 

2355 

S8 

-57.6 

0 . 066 

0.293 

0.227 

2356 

56  ' 

} 

-56.7 

0 . 066 

0.29.3 

0.227 

2357 

54 

' 1 

-55.6 

0 . 066 

0.  292 

0.226 

-0.005 

+17.49 

2358 

52  j 

1 

-53.8 

0.068 

0.292 

0.224 

2359 

49 

> 5 

-53.5 

0.070 

0.292 

0.222 

0.013 

-63.70 

0000 

47 

-52.  1 

0 . 065 

0.290 

0.225 

0001 

46 

4 

-51.4 

0.068 

0.297 

0.229 

0002 

44 

-50.0 

0 . 066 

0.301 

0.235 

0003 

43 

, 3 

-50.4 

0.073 

0.303 

0.230 

0.02 

+ 16.33 

6(1 


W-128  - Radiometersondc  (Continued) 


Time 

Pressure 

Ap 

fb 

el 

et 

F 

AF 

9T/9t 

(MST) 

(mb) 

(mb) 

(°C) 

(cal . cm"2 

min-1) 

°C  hr-1  x 102 

0004 

41J 

-51.2 

0.073 

0.306 

0.233 

0005 

39 

2 

-52.3 

0.073 

0. 31 1 

0.238 

0.005 

-64.25 

0006 

37 

» 

5 

-52.8 

0.080 

0.313 

0.233 

-0.008 

+ 39.2 

0007 

36 

-52.0 

0.079 

0.  307 

0.228 

0008 

34 

-52.8 

0.077 

0 . 307 

0.230 

0009 

33 

► 

6 

-52.1 

0.074 

0.310 

0.236 

0.013 

-53.07 

0010 

32 

-52.0 

0.074 

0.310 

0.236 

0011 

31 

-51.4 

0.073 

0.310 

0.237 

0012 

29 

-49.4 

0 . 069 

0.310 

0.241 

0015 

28  t 

-48.5 

0 . 067 

0.310 

0.243 

67 


W-129  - Radiometersonde 


Time 

Pressure  Ap 

*b 

e4 

el 

F 

min- 1 ) 

AF 

31/  3 T 

(MST) 

Cmb] 

i (mb) 

C°C) 

(cal.  cm'2 

°C  hr-1  x 102 

0400 

698 

32 

10.0 

0.430 

0.524 

0.094 

-0.029 

+ 22.2 

0401 

666 

34 

6.7 

0.435 

0.500 

0.065 

0.00 

0.00 

0402 

632 

36 

3.2 

0.427 

0.492 

0.065 

0.025 

-17.01 

0403 

596 

28 

0.0 

0.395 

0.485 

0.090 

-0.006 

+ 5.25 

0404 

568 

34 

-3.2 

0.380 

0.464 

0.084 

0.025 

-18.01 

0405 

534 

27 

-6.1 

0.344 

0.453 

0. 109 

-0.006 

+ 5.44 

0406 

507 

27 

-9.1 

0.341 

0.444 

0.105 

0.004 

-3.62 

0407 

480 

20 

-12.0 

0.324 

0.431 

0.  107 

0.025 

- 30 . 62 

0408 

460 

26 

-16.0 

0.  289 

0.421 

0.132 

0.004 

-3.76 

0409 

434 

23 

-17.5 

0.269 

0.405 

0.136 

0.018 

-19.17 

0410 

411 

27 

-18.7 

0.244 

0.398 

0.  154 

0.017 

-15.42 

0411 

384 

21 

-22.6 

0.223 

0.394 

0.171 

-0.009 

+10.50 

0412 

363 

13 

-25.5 

0.222 

0.384 

0.162 

0.013 

-24.5 

0413 

350 

18 

-27.7 

0.204 

0.379 

0. 175 

0.006 

-8.16 

0414 

332 

14 

-31.5 

0.191 

0.372 

0.181 

-0.003 

+5.25 

0415 

318 

16 

-34.3 

0.183 

0.361 

0.178 

0.004 

-6.12 

0416 

302 

14 

-37.3 

0.  175 

0.357 

0.182 

0.005 

1 

00 

Or 

0417 

288 

12 

-39.3 

0.167 

0 . 354 

0.187 

0.009 

-8.37 

0418 

276 

12 

-41.0 

0.  157 

0.353 

0.196 

-0.004 

+ 8.16 

0418 

264 

12 

-43.3 

0.149 

0.341 

0.  192 

-0.011 

+22.45 

0420 

252 

9 

-45.7 

0.  151 

0.332 

0.181 

0 . 006 

-16.33 

0421 

243  j 

* 11 

-47.4 

0.141 

0.328 

0.187 

-0.009 

+20.04 

70 


Time 

Pressure 

Ap 

e-t-  et  F 

AF  9T/9t 

(MST) 

Cask) 

Cn»b) 

(cal.  cm-2  inin"1) 

°C  hr-1  x 102 

0422 

232 

17 

-48.8 

0.137 

0.315 

0.178 

-0.014 

+20.17 

0423 

226 

-50.5 

0.132 

0.305 

0.173 

0424 

1 

218 

► 

17 

-50.5 

0.126 

0.299 

0. 173 

-0.007 

+10.08 

0425 

209 

-50.0 

0.124 

0.290 

0.166 

0426 

201 

14 

-50.2 

0.121 

0.280 

0.159 

-0.007 

+12.25 

0427 

195. 

-50.3 

0.119 

0.278 

0.159 

0428 

188 

► 

15 

-50.9 

0.111 

0.276 

0.165 

+0.002 

-3.26 

0429 

180 

-52.6 

0.112 

0.273 

0.161 

0430 

174 

> 

14 

-52.9 

0.116 

0.264 

0.148 

-0.011 

+19.25 

0431 

166 

-54.8 

0.112 

0.262 

0.150 

0432 

159 

► 

14 

-55.6 

0.111 

0.260 

0.  149 

0.002 

-3.55 

0433 

155 

-56.3 

0.108 

0.260 

0.152 

0434 

146 

> 

13 

-58.4 

0.111 

0.264 

0.153 

0.001 

-1.88 

0435 

139 

-58.9 

0.106 

0.259 

0.153 

0436 

132 

> 

12 

-59.8 

0.106 

0.259 

0.153 

-0.005 

+ 10.2 

0437 

127 

-60.0 

0.105 

0.253 

0.  148 

0438 

123 1 

10 

-61.0 

0. 100 

0.256 

0. 156 

0.014 

-34.3 

0439 

U7J 

-61.4 

0.095 

0.257 

0.  162 

0440 

112 

> 

10 

-61.6 

0.092 

0.257 

0.165 

0.007 

-17.15 

0441 

107 

-62.5 

0.089 

0.258 

0.169 

0442 

103^ 

-63.7 

0.085 

0.259 

0. 174 

0443 

100 

> 

14 

-65.3 

0.085 

0.228 

0.143 

-0.026 

+45.5 

71 


IV- 129  - Rad iometersonde  (Continued) 


Time 

Pressure  Ap 

Cb 

el 

e 1 

P 

AF 

9T/9t 

(MST) 

(mb) 

(mb) 

(°C) 

(cal.  cm'2 

min' 1 ) 

°( 

: hr'1  x 102 

0507 

35 

-50.8 

0.086 

0.282 

0. 196 

0508 

34 

-49.6 

0.085 

0.273 

0.  188 

0509 

33 

-49.2 

0.085 

0.272 

0.  187 

0510 

32 

-48.9 

0.085 

0.278 

0.193 

0511 

30 

-49.6 

0 . 085 

0.283 

0.  198 

0512 

28  | 

> 10 

-49.6 

0.085 

0.281 

0. 196 

0.011 

-26.95 

0513 

27 

-49.5 

0 . 084 

0.282 

0.198 

0514 

26 

-48.5 

0.084 

0.281 

0.  197 

0515 

25 

-47.3 

0.081 

0.280 

0.199 

0516 

24 

-47.  1 

0.082 

0.281 

0.  199 

0517 

< 

23 

-47.3 

0.083 

0 . 284 

0.201 

0518 

22 

-48.1 

0.082 

0.284 

0.202 

0519 

21 

► 7 

-47.0 

0.079 

0.283 

0 . 204 

0.002 

-7.00 

0520 

20 

-46.  1 

0.080 

0.281 

0.201 

0521 

19 

-46.  1 

0.083 

0.280 

0.197 

0522 

18 

-46.6 

0 . 084 

0.281 

0. 197 

0523 

17 

-47.0 

0.082 

0.283 

0.201 

73 


ALTITUDE  (km) 


W-130  - Impactor 
Concentration  (cm" 


Concentration  (cm"  ) (Continued) 


256  4.26x10  2 1.69xl0"2  4.46xl0‘3  1.40x10 


Concentration  (cm"3)  (Continued) 


Concentration  (ug/m 


W-  131 

August  5,  1976 
Laramie,  Wyoming 


A() 


W-131  - Radiometcrsondc 


Pressure  Ap 
(mb)  (mb) 


14.4 

12.5 
10.9 

9.  1 
6.0 
3.8 
2.1 
0.0 
-1.9 
-3.0 
-4.9 
-6.5 
-9.0 
-10.7 
-12.0 
-13.5 
-15.0 
-15.7 
-16.0 
-19.1 
-20.7 
-21.9 


0.444 
0.448 
0.448 
0.422 
0.408 
0 . 397 
0 . 394 
0.390 
0.344 
0.343 
0.332 
0.332 
0.296 
0.274 
0.268 
0.259 
0.252 
0 . 238 
0.217 
0.224 
0.227 
0 . 209 


et 

(cal . enr 
0.556 
0.562 
0.568 
0.547 
0.541 
0.533 
0.515 
0.508 
0 . 503 
0.502 
0.487 
0.473 
0.479 
0.472 
0.464 
0.453 
0.450 
0.437 
0.434 
0.432 
0.425 
0.424 


' min-1) 


0.112 
0.114 
0.  120 
0.125 
0.  133 
0.  136 
0.121 
0.118 
0.159 
0.  159 
0.  155 
0.141 
0.183 
0.198 
0.  196 
0. 194 
0.198 
0.199 
0.217 
0.208 
0 . 1 98 
0.215 


9T/9t 


°C  hr-1  X 

0.002 

-3.06 

O.OOh 

-9.  19 

0 . 005 

-7.64 

0.008 

-8.50 

0.003 

-4.31 

-0.015 

♦18.38 

-0.003 

+4.59 

0 . 04 1 

-5.02 

+0.000 

0 

-0.004 

+ 8.16 

-0.014 

+19. 05 

0.042 

-85.75 

0.015 

-22.96 

-0.002 

+ 2.11 

-0.002 

+4.07 

0 . 004 

-7.53 

-0.001 

+ 1.44 

0 . 008 

-44.10 

-0.009 

+22.05 

-0.010 

+20.41 

0.017 

-27.76 

-0.002 

+ 4.9 

82 


W-131  - Rad iometersonde  (Continued) 


Time 

Pressure  Ap 

tb 

e4 

et 

F 

AF 

9T/9t 

(MST) 

Ob) 

(mb) 

(°C) 

(cal.  cm'2 

min'  1 ) 

°C  hr'1  x 

2304 

402 

14 

-23.4 

0.206 

0.419 

0.213 

0.007 

-12.25 

2305 

388 

10 

-24.7 

0.196 

0.416 

0.220 

0 . 009 

-22.05 

230b 

378 

11 

-26.3 

0.  190 

0.419 

0.229 

-0.003 

+ 6.66 

2307 

367 

14 

-28.2 

0.186 

0.412 

0.226 

0 . 008 

-14.86 

2308 

353 

10 

-30.2 

0.182 

0.416 

0.234 

-0.012 

+29.40 

2309 

343 

11 

-31.5 

0.  179 

0.401 

0.222 

0.014 

-31. 16 

2310 

332 

15 

-33.4 

0.166 

0.402 

0.236 

-0.012 

+ 19.6 

2311 

317 

9 

-37.1 

0.176 

0.400 

0.224 

0 . 009 

-24.5 

2312 

308 

11 

-38.5 

0.165 

0 . 398 

0.233 

-0.005 

+ 11.2 

2313 

297 

9 

-40.0 

0.161 

0.389 

0.228 

-0.003 

+ 8. 16 

2314 

288 

10 

-41.3 

0.156 

0 . 38  1 

0.  225 

0.003 

-7.35 

2315 

278 

15 

-43.6 

0 . 1 54 

0.382 

0.228 

0.006 

-9.80 

231b 

2b3 

t 

1 8 

-45.0 

0.  142 

0.  376 

0.234 

-0.005 

+15.31 

2317 

255  J 

1 

-46.4 

0.  139 

0 . 368 

0.229 

2318 

244  ] 

i 20 

-47.7 

0.  130 

0.364 

0.2.34 

0.012 

-14.7 

2319 

235 

1 

-48.6 

0.122 

0.363 

0.241 

2320 

230  ' 

-49.8 

0 . 1 20 

0. 358 

0.2.38 

2321 

217 

> 23 

-51.7 

0.117 

0.356 

0.245 

- 0 . 006 

+ 6.37 

2322 

212 

j 

I 

-53.6 

0.116 

0.351 

0.2.35 

2323 

201  ^ 

► 17 

-55.5 

0.114 

0.351 

0.237 

0.010 

-14.41 

2324 

195 

-5b. 4 

0 . 1 00 

0.345 

0.245 

2325 

1 8b  1 

-56.4 

0.100 

0.340 

0.240 

-0.(106  + 8.16 


18 


W-131  - Radiometersonde  (Continued) 


Time 

Pressure 

Ap 

"b 

e4 

e"! 

F 

AF 

9T/3t 

(MST) 

(mb) 

(mb) 

f°C) 

(cal.  cm-2 

min"  l) 

°C  hr-1  x 102 

2326 

177 

-56.7 

0.099 

0.338 

0.239 

2327 

1 7 1 ' 

13 

-5b. 6 

0.095 

0.337 

0.242 

0.008 

-15.07 

2328 

164 

t 

-56.3 

0.088 

0.335 

0.247 

2329 

156  ^ 

• 

20 

-56.6 

0.095 

0.330 

0.235 

-0.008 

+ 9.8 

2330 

152 

-57.0 

0.093 

0.334 

0.241 

2331 

144  . 

-58.2 

0.091 

0.330 

0.239 

2332 

139 

l 

10 

-58.2 

0.085 

0.328 

0.243 

0.005 

-12.25 

2333 

134 

-58.4 

0.081 

0.325 

0.244 

2334 

127  ' 

> 

18 

-58.2 

0.080 

0.323 

0.243 

-0.03 

-4.08 

2335 

116 

| 

-59.5 

0.079 

0.326 

0.247 

2336 

116' 

► 

10 

-59.1 

0.078 

0.325 

0.247 

0.0 

0.0 

2337 

112 

-59.7 

0.078 

0.325 

0.247 

2338 

106 

> 

17 

-59.9 

0.079 

0.326 

0.247 

0.006 

-8.64 

2339 

102 

-59.9 

0.078 

0.326 

0.248 

2340 

97 

-60.8 

0.080 

0.329 

0.249 

2341 

92 

-62.2 

0.074 

0.328 

0.254 

2342 

89 

* 

-61.7 

0.073 

0.326 

0.253 

2343 

84 

-61.7 

0.070 

0.327 

0.256 

2344 

81 

-61.7 

0.071 

0.327 

0.256 

2345 

78 

* 

16 

-60.0 

0.067 

0.322 

0.255 

-0.002 

+ 3.06 

2346 

76 

-61.1 

0.069 

0.325 

0.256 

2347 

73 

-62.4 

0.073 

0.328 

0.255 

r 


i 


K - 1 3 1 


Rad iometersondc 


(Continued) 


lime 

Pressure  Ap 

<b 

e4 

el' 

F 

AF 

9T/3t 

(MST) 

(mb) 

(mb) 

(°C) 

(cal.  cm-2 

min'1 ) 

°C  hr'1  x 102 

2348 

70  ' 

-59.8 

0 . 067 

0.322 

0.255 

2349 

68 

-59.3 

0 . 066 

0.321 

0.255 

2350 

65 

> 13 

-58.9 

0.066 

0.321 

0.255 

-0.002 

+ 3.76 

2351 

63 

-59.0 

0 . 066 

0.323 

0.257 

2352 

60 

-57.8 

0.067 

0.320 

0.253 

2353 

58  ' 

-56.6 

0.064 

0.319 

0.255 

2354 

56 

\ 7 

-55.7 

0.064 

0.322 

0.258 

0.011 

-38.50 

2355 

54 

-55.5 

0.062 

0.325 

0.263 

2356 

53 

-53.9 

0.059 

0.323 

0.264 

2357 

J 

-53.1 

0.067 

0.320 

0.253 

2358 

49 

> 8 

-54.4 

0.070 

0.325 

0.255 

-0.011 

+33.70 

2359 

47 

-55.1 

0.073 

0.325 

0.252 

0000 

45 

-54.7 

0.072 

0.072 

0.253 

0001 

i 

44  ' 

-53.8 

0 . 069 

0.326 

0.257 

0002 

42 

-52.3 

0 . 065 

0.322 

0.257 

0003 

41 

s 10 

-51.8 

0 . 064 

0.325 

0.261 

0.005 

-12.25 

0004 

39 

-52.3 

0 . 068 

0.326 

0.258 

0005 

39 

-53.0 

0.071 

0.328 

0.257 

0006 

37 

-51.8 

0 . 067 

0.324 

0.257 

0007 

35  j 

-51.5 

0.068 

0.326 

0.258 

0008 

34 

-51.4 

0.071 

0.325 

0.254 

0009 

33 

-51.5 

0.075 

0.327 

0.252 

0010 

31 

► 7 

-47.8 

0 . 067 

0.319 

0.252 

-0.005 

+ 17.5 

85 


W- 131  - Radiometersonde  (Continued) 


Time 

Pressure  Ap 

s 

el 

et 

F 

(MST) 

(mb) 

(mb) 

(°C) 

(cal  cm-2 

min'  1 

0011 

30 

-50.4 

0.072 

0.325 

0.253 

0012 

29 

-50.4 

0.072 

0.325 

0.253 

0013 

28 . 

-50.7 

0.073 

0.326 

0.253 

0014 

27 

-49.7 

0.071 

0.325 

0.254 

0015 

25 

-49.7 

0.074 

0.326 

0.252 

0016 

24 

> 

5 

-49.5 

0.074 

0.326 

0.252 

0017 

23 

-47.8 

0.069 

0.325 

0.256 

0018 

22’ 

-47.3 

0.073 

0.324 

0.251 

0019 

22 

-47.9 

0.075 

0.325 

0.250 

0020 

21 

-48.5 

0.075 

0.326 

0.251 

0021 

20 

► 

6 

-48.6 

0.070 

0.324 

0.254 

0022 

19 

-48.6 

0.076 

0.323 

0.247 

0023 

18 

-47.2 

0.072 

0.322 

0.250 

0024 

17 

-46.4 

0.072 

0.321 

0.249 

0025 

17 

-45.9 

0.073 

0.320 

0.247 

0026 

16' 

-46.2 

0.073 

0.324 

0.251 

0027 

15 

-46.4 

0.074 

0.326 

0.252 

0028 

15 

-45.7 

0 070 

0.325 

0.255 

0029 

15 

00 

1 

0.069 

0.324 

0.255 

0030 

13 

> 

7 

-43.7 

0.073 

0.321 

0.248 

0031 

13 

-43.0 

0.069 

0.327 

0.258 

0032 

12 

-43.1 

0.069 

0.327 

0.258 

AF  9T/9t 

°C  hr'1  x 102 


0.003  -14.7 


-0.009  +36.75 


0.045  -157.50 


W- 132 

August  6,  1976 
Laramie,  Wyoming 
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HEIGHT  (km) 


W-132  - Radiometersonde 





Time 

Pressure 

Ap 

*b 

e+ 

F 

AF 

9T/9t 

(MST) 

(mb) 

(mb) 

(°C) 

(cal.  cm'2 

min'  1 ) 

°C  hr'1  x 10 

0412 

784 

32 

11.2 

0.457 

0.540 

0.083 

0.004 

-3.06 

0413 

752 

37 

11.8 

0.446 

0.535 

0.087 

0.021 

-13.89 

0414 

715 

24 

11.1 

0.426 

0.534 

0.108 

0.019 

-19.69 

0415 

681 

28 

8.9 

0.413 

0.540 

0. 127 

0.006 

-5.24 

0416 

653 

26 

6.5 

0.398 

0.531 

0.  133 

0.013 

-12.25 

0417 

627 

33 

3.4 

0.383 

0.529 

0.  146 

0.010 

-7.42 

0418 

594 

28 

-0.9 

0.363 

0.519 

0.156 

0.012 

-10.50 

0419 

566 

27 

-3.8 

0.342 

0.510 

0.168 

0.006 

-5.44 

0420 

539 

23 

-6.9 

0.322 

0.496 

0. 174 

0.015 

-15.97 

0421 

516 

31 

-9.3 

0.294 

0.483 

0. 189 

0 . 009 

-7.11 

0422 

485 

18 

-12.5 

0.274 

0.472 

0.  198 

0.001 

-1.35 

0423 

467 

24 

-15.1 

0.262 

0.461 

0.199 

0 . 009 

-9.19 

0424 

443 

19 

-17.6 

0.246 

0.454 

0.208 

0.005 

-6.44 

0425 

424 

20 

-20.5 

0.231 

0.444 

0.213 

0.00 

0.00 

0426 

404 

22 

-22.9 

0.226 

0.439 

0.213 

0 . 007 

-7.79 

0427 

382 

19 

-26.0 

0.210 

0.430 

0.220 

-0.003 

+ 3.85 

0428 

363 

15 

-28.6 

0.  200 

0.417 

0.217 

0 . 009 

-14.7 

0429 

348 

9 

-30.6 

0.188 

0.414 

0.226 

-0.007 

+19.05 

0430 

339 

14 

-32.3 

0. 184 

0.403 

0.219 

0.010 

-17.50 

0431 

325 

22 

-34.3 

0. 172 

0.401 

0.229 

0.00 

0.00 

0432 

315 

22 

-36.3 

0.163 

0.392 

0.229 

0.003 

-0.003 

0433 

303 

10 

-37.7 

0.  160 

0 . 386 

0.226 

0.006 

-14.7 

0434 

293 

13 

-39.6 

0.153 

0.385 

0.232 

0.003 

-5.64 

90 
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W-132  - Radiometersonde  (Continued) 


Time 

Pressure  Ap 

'b 

el 

et 

F 

AF 

31/  3t 

(MST) 

(mb) 

(mb) 

(°C) 

(cal.  cm’2 

min-  1 ) 

°C  hr-1  x 102 

0435 

280 

» 

-49.9 

0.  144 

0.379 

0.235 

-0.003 

+ 4.31 

0436 

272J 

-43.8 

0.143 

0.375 

0.232 

0437 

263 

10 

-44.8 

0.  137 

0.369 

0.232 

0.004 

-9.86 

0438 

253 

18 

-46.8 

0.  133 

0 . 369 

0.236 

-0.004 

+ 5.44 

0439 

2461 

-48.2 

0.  128 

0.562 

0.  234 

0440 

235 

'j 

7 

-49.6 

0.124 

0.356 

0.232 

0.005 

-17.50 

0441 

228 

15 

-50.7 

0.  1 16 

0.353 

0.237 

-0.010 

+16.33 

0442 

, 

220 

-51.8 

0.114 

0.346 

0.232 

0443 

213 

\ lb 

-52.5 

0.112 

0.339 

0.227 

0.006 

-9.19 

0444 

205 

-54.0 

0.107 

0.340 

0.233 

0445 

197 

> 14 

-54.7 

0.093 

0 . 336 

0.243 

0.012 

-0.21 

0446 

191 

-55.0 

0.086 

0.336 

0.250 

0447 

183 

-56.2 

0.081 

0.336 

0.255 

0.007 

-13. 19 

0448 

177 

-56.4 

0.073 

0 . 336 

0.265 

0449 

> 

1701 

-57.2 

0 . 07 1 

0.333 

0.262 

0.012 

-22.61 

0450 

165 

-57.5 

0.068 

0.333 

0.265 

0451 

157' 

-58.1 

0.059 

0.533 

0.274 

-0.006 

+ 9.8 

0452 

152 

-57.8 

0.058 

0.330 

0.272 

0453 

146 

i 

-58.0 

0.058 

0.326 

0.268 

0454 

142 

\ 12 

-57.2 

0.056 

0.324 

0.268 

0.001 

-2.04 

0455 

136 

-57.8 

0.055 

0.324 

0.269 

0456 

130' 

-58.4 

0.055 

0.324 

0.269 

0457 

125 

. 19 

-58.9 

0.055 

0.321 

0.266 

-0.002 

+ 2.57 

91 


W- 13 


Radiometersonde  (Cont inued) 


Time 

Pressure  Ap 

el 

e+ 

F 

AF 

9T/3t 

(MSI') 

(mb) 

(.mb) 

(°C) 

(cal . 

cm'2  min'1) 

°C  hr'1  x 10? 

0458 

120 

-59.5 

0.055 

0.321 

0. 266 

0459 

115 

4 

-59.3 

0.054 

0.321 

0.267 

0500 

111) 

-59.5 

0 . 054 

0.  321 

0.267 

0501 

105  j 

> 14 

-59.5 

0.054 

0.320 

0.266 

-0.001 

+ 1.74 

0502 

102 

-59.7 

0.052 

0.320 

0.268 

0503 

9?] 

-62.7 

0.054 

0.320 

0. 266 

0504 

93 

> 14 

-62.4 

0.052 

0.321 

0.269 

0 . 008 

-14.00 

0505 

89 

-61.5 

0.048 

0.321 

0.273 

0506 

86 

-61.0 

0.047 

0.319 

0.272 

0507 

83 1 

-59.5 

0.044 

0.318 

0.274 

0508 

79 

> 13 

-59.6 

0.044 

0.319 

0.275 

0.001 

-1.86 

0509 

77 

-60.5 

0.046 

0. 319 

0.273 

0510 

74 

-59.3 

0.044 

0.319 

0.275 

0511 

70 

► 4 

-59.3 

0.047 

0.322 

0.275 

0.005 

-30.62 

05 1 2 

68 

-59.1 

0.046 

0.323 

0.277 

0513 

66 ' 

-57.6 

0.040 

0.320 

0.280 

0514 

63 

> 10 

-56.6 

0.040 

0.317 

0.277 

-0.009 

+22.05 

0515 

61 

-56.1 

0 . 044 

0.315 

0.271 

0516 

53 

1 

-56.1 

0.045 

0.318 

0.273 

0517 

56' 

-56.3 

0.049 

0.320 

0.271 

0518 

54 

-56.1 

0.050 

0.322 

0.272 

0519 

52 

► 13 

-56.0 

0.048 

0.322 

0.274 

0.016 

-30.15 

0520 

50 

-54.6 

0.043 

0.319 

0.276 

0521 

48 

-52.2 

0.038 

0.317 

0.279 

W-132  - Radiometersonde  (Continued) 


Time 

Pressure 

Ap 

S 

et 

F 

AF 

3T/9t 

(MST) 

(mb) 

(mb) 

(°C) 

(cal . 

cm'2  min'1) 

°C  hr-1  x 102 

0522 

46 

-52.8 

0.040 

0.332 

0.282 

0523 

44 

/ 

-54.0 

0.042 

0.327 

0.285 

0524 

\ 

43 

-53.4 

0.041 

0.328 

0.287 

0525 

41 

-52.4 

0.039 

0.325 

0.286 

0526 

39 

► 

11 

-51.9 

0.038 

0.327 

0.289 

0.005 

-11.13 

0527 

38 

-51.2 

0.042 

0.327 

0.285 

0528 

37 

-50.6 

0.038 

0.329 

0.291 

0529 

35 

-49.9 

0.038 

0.329 

0.291 

0530 

34 

-49.9 

0.040 

0.330 

0.290 

0531 

33 

-48.7 

0.037 

0.330 

0.295 

0532 

“I 

-49.7 

0.041 

0 . 533 

0.292 

0533 

50  i 

> 

4 

-49.7 

0.043 

0 . 335 

0.292 

-0.001 

+6.12 

0534 

30  1 

I 

-48.4 

0.048 

0.336 

0.288 

0535 

28' 

-48.6 

0.050 

0.341 

0.291 

0536 

28 

-48.6 

0.050 

0.345 

0.295 

0537 

27 

► 

5 

-48.6 

0.050 

0.348 

0.298 

0.018 

-88.20 

0538 

26 

-47.7 

0.053 

0.348 

0.295 

0539 

25 

-47 . 6 

0 . 054 

0.349 

0.295 

0540 

24 

-47.0 

0.062 

0.359 

0.297 

0541 

23| 

-46.7 

0.067 

0.376 

0.309 

0542 

22 

1 

3 

-46.9 

0.092 

0.381 

0.289 

0.010 

-81.6b 

0543 

22 

r 

-47.1 

0.091 

0.393 

0.302 

0544 

21 

-47.7 

0.097 

0.407 

0.310 

0545 

20l 

-47.2 

0.095 

0.414 

0.319 

93 


W-132  - Radiometersonde  (Continued) 


Time 

Pressure 

Ap 

rb 

e+ 

F 

AF  3T/3t 

(MST) 

(mb) 

(mb) 

. (°C) 

(cal . 

cm'2  min'1) 

°C  hr"1  x 102 

0546 

20  | 

" 

2 

-47.7 

0.105 

0.417 

0.312 

-0.008  +38.00 

0547 

19 

-47.4 

0.115 

0.417 

0.302 

0548 

18 

* 

-47.0 

0.112 

0.425 

0.313 

0549 

18' 

-45.8 

0.110 

0.421 

0.311 

0550 

17 

» 

2 

-44.4 

0.111 

0.425 

0.314 

0.016  -196.0 

0551 

,6J 

-44.1 

0.111 

0.438 

0.327 

94 


W-133  - Impactor 

Concentration  (cm"’)  (Continued) 


66x10 


W-133  - Impactor 

Concentration  (cm'3)  (Continued) 


.1 


